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NOTES ON CLADOCERA. 


By EDWARD A. BIRGE, Pu. PB. 


During the past three years I have collected Cladocera at inter- 
vals. The group has been little studied in this country, though 
thoroughly worked up in Europe. [I have found several new 

\ forms, including one new genus, and now publish a synopsis of 
the work hitherto done by me. 
I give only the more important references under the synonymy 
The works most useful for reference on this group are: 


0. F. Miller, Zoologie Danice Prodromus. 1776. 
oi Entomostraca. 1785. 
Jurine, Hist. d. Monocles qui se trouvent aux environs de Geneve. 1820. 
Liéven, Branchiopoden der Danziger Gegend. 1818. 
Baird, Natural History of the British Entromostraca. 1850. 
Fi.cher, Ueber die Crustaceen aus den Ordnungen der Branch. und Ento- 
mos. 1851. 
“« Erganzungen, Berichtigungen und Fortsetzung zu der Abhi. ii. d. in 
der Umg. von St. Petersburg vorkommenden Crustaceen. 1854. 
Liljeborg, De Crustaceis ex ordinibus tribus; Cladocera, etc. 1853. 
Koch, Deutschlands Crustaceen, etc. 1835. 
Schédler, Neue Beitrage zur Naturgeschichte der Cladoceren. 1863. 
$ Die Cladoceren des frischen Haffs. 1863. 
= Zur Naturgeschichte der Daphniden. 1877. 
Leydig, Naturgeschichte der Daphniden. 1860. 
P. E. Miiller, Daomarks Cladocera, 1868.. 
Kurz, Dode&as neuer Cladoceren. 1874. | 
| oo is now contributing some very valuable papers on structure and 


physiology to the Zeitschrift fiir Wissenschaftliche Zoologie. 


In my notes, all the above papers are cited by the name of the 
quthor or, if necessary, by adding to his name a single word. 


SECTION 1, CALYPTOMERA. Sars. 
Family 1. Sidida. 


GENUS 1. 


SIDA. Strauss, 1820. 


| Sipa, Strauss, 1820. (Mem. sur les Daph. Mem. Nat. Hist., VI, 157.) 


Liéven, Liljevorg, Leydig, Baird, Schédler, Sars, P. E. Miiller, Kurz. 
Sipaa, Fischer. 


SPECIES 1. 


SIDA CRYSTALLINA. O. EF. Miller. 


DAPHNE Cr¥YSTALLINA, O. F. M. Zool. Dan. Prod., 2405. 
For the long synonymy of this species, see P. E. Miller, Danmarks Clado- 
cera, p. 101-2. 


There appears to be no well marked difference between our 
species and that of Hurope. I wish to notice only one or two 
points with regard to it. Claus (Zeit. Wiss. Zool. Vol. XX VIT) 
asserts that he has seen a second maxilla in Sida. I have looked 
for it carefully, and under most favorable circumstances, but have 
failed to find it. I am inclined to question its existence. The 
appendage has been seen by no other observer, not even G. O. 
Sars. | 

The projection on the inside of the basal joint of the legs 
(‘processus maxillaris,” Sars), is triangular in shape, with ten 
stout spines and a large number of sete. This may be homolo- 
gous to the ‘‘appendix interior” (P. H. Miiller) in Pollyphemus. 

Cambridge and Southampton, Mass.; Madison, Wis. Quite’ - 
plenty everywhere. 


GENUS 2 
DAPHNELLA. Baird, 1850. 


DAPHNELLA, Baird, Schédler, Sars, P. L. eee Kurz. 
DIAPHANOSOMA, Fischer. 


bn 


SPECIES 1. 
Plate II. Figs. 1-4. 


DAPHNELLA EXSPINOSA. sp. nov. 


Length, circ. 0.85. mm.; height, 0.4 mm. 
Length of head, 0.25 mm.; of valves, 0:60 mm. 
Diameter of eye, 0.07 mm. 


Length of head less than half that of the valves. Antenne 
reaching only about two-thirds the length of the valves when 
bent backward. Post-abdomen without caudal teeth. Eye large. 

The valves are marked only by the ends of the “stutz-balken.” 
Their edges bear numerous small, movable spines (0.0013 mm. 
long). The shape and general proportions resembles those of D. 
brachyura (Liéven). There are, however, marked differences in 
details. . 

The indentation between head and body is greater than in D. 
brachyura. 'The post-abdomen has no caudal teeth. The termi- 
nal claws have three teeth and are not serrate. The appendages 
of the male, in which the vasa deferentia open, do not reach so 
far as the base of the terminal claws. In D. brachyura they reach 
beyond the claws. The vas deferens opens, not near the heel of 
the foot-shaped termination, but below the instep. The anten- 
nules of the male are longer proportionately. 

Southampton, Mass., 1878. Common. 


Family 2. Daphnide. 
GENUS 1. 
Moina, Baird, 1850. 
SPECIES 1. 
Motna BRACHIATA. Jurine. 


For synonymy of genus and species, see P. E. Miiller, pp: 182-133. 


Pool beside railroad, near Yahara river, Madison, Wis., July, 


- 1877, Present in immense numbers: 


GENUS 2 


CERIODAPHNIA. Dana. 


CERIODAPHNIA, Dana. U.S. Expl. Ex. Cridtacea; 1 Vol. Il, p. 1265. 
v6 a P. E. Miller, Kurz. 


SPECIES 1. 
Plate I. Figs. 1-2. 


CERIODAPHNIA DENTATA. sp. nov. 


Head angulated in front of antennules. Shell reticulated with 
hexagonal meshes. Terminal claws with a row of teeth on out- 
side and finely serrate inside. 

The head is prolonged, and is distinctly angulated in rae of 
the antennules. The shell of the head and body is reticulated 
with hexagonal meshes. The lines of reticulation vary from al- 
most imperceptible to very strongly marked, in different speci- 
mens. ‘The shell may be transparent or opaque. There is a dis- 
tinct projection at the junction of the dorsal and posterior mar- 
gins, almost a spine. The fornices are broad and projecting, but 
are smoothly rounded over and have no angular projection. The 
post-abdomen is of moderate size, truncate, with seven or eight 
caudal teeth on each size, and with scattered, very fine hairs. The 
terminal claws are armed with from 0 to 8 (usually 6) teeth on 
the outer side. The teeth vary much in size, are often exceed- 
ingly fine, and rarely altogether absent. There is also a row of 
very fine teeth extending to the tip of the claw. This is only to 
be seen in good specimens and with a high power (4 Wales), and 
sometimes, though rarely, cannot be seen at all. The abdominal 
process is rather blunt, and has fine hairs scattered upon its sur- 
face, as has also that part of the abdomen behind it. Cambridge. 
Southampton and vicinity, Mass.; Madison, Wis. Male not seen. 
C. reticulata (Jurine) has the terminal claws provided with teeth 
but in this species the fornices are “ permagnee et valide promi- 
nentes ’’ (P. EH. M.), and have a sort of triangular projection in front. 
The fornices in this species are of medium size, and have no such 
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projection. C. reticulata has the head “ obscure angulatum” in 
front of the antennules; this is manifestly so. Finally, C. reticu- 
lata has no fine teeth on the terminal claw. C. nitida (Schédler) 
(= quadrangula, Leydig) has the armature of the terminal claws, 
but is reticulated with quadrangular meshes. The name is given 
on account of the teeth on the terminal claws. 


SPECIES 2. 
Plate I. Figs. 3-4. 


CERIODAPHNIA CONSORS. sp. nov. 


Length circ. 0.5 mm. 


The head is prolonged, rounded at the apex, not angulated in 
front of the antennules. The shell of the body is large, round, or 
square with rounded angles, but with a more or less prominent 
angle behind, as in the preceding species. The shell is strongly 
marked with a reticulation of hexagonal meshes. ‘I'he fornices 
project moderately, but are rounded and smooth. The post-ab- 
domen is broad, not narrowed toward the apex, but is obliquely 
truncated, so that the caudal teeth lie on the lower margins. There 
are about eight of these moderately large, recurved teeth on each 
side. ‘The terminal claws are large and smooth. The color is 
transparent or opaque, passing through a reddish brown to nearly 
black. A variety has the areas of the meshes marked by little 
rounded prominences. Male not seen. Madison, 1877, with the 
preceding species, in pools of tolerably clear water; not common. 

The shape of the post-abdomen distinguishes this species from 
all but © rotunda, Straus. It is plainly not that species, as that 
has the shell of the head bent into a right angle below the eye, 
and ornamented with spines. ‘The specific name is given from its 
habit of associating with the preceding species. I have never 

found it alone. 


SPECIES 3. 
Plate II. Figs. 8, 9. 


CERIODAPHNIA ORISTATA. sp. nov. 


Length, circ. 0.7 mm. 


Head not angulated in front of antennules. Post-abdomen 
with a dorsal row of teeth. Valves with irregular meshes around 
the edges and perpendicular strize across the middle, as in Simo- 
cephalus. 

In general shape this species resembles C. dentata. The head 
is rounded regularly over in front, not angulated in front of the 
antennules. The valves are marked much as in Simocephalus. 

The post-abdomen is broad, somewhat truncate below, with 
large, smooth terminal claws, and four teeth on each side of the 
arms. The dorsal margin of the post-abdomen is produced into a 
crest which bears eight or nine teeth, largest at the distal end of 
the row. The apices of these teeth are directed upward. This 
feature curiously recalls the teeth of the post-abdomen in Hury- 
cercus. 

The eye is very large; the macula migra is of moderate size, 
and is angular. ; 

The name is given on account of the crest on the post-abdomen. 

Southampton, Mass. 1878. Rare. 


GENUS 38. 


SIMOCEPHALUS. Schddler, 1858. 


SIMOCEPHALDS, Schédler, Branch. der Umg. von Berlin, p. 17. 
x Sars, P. E. Miller, Kurz. 


SPECIES 1. 
Plate 1 is. G. 


SIMOCEPHALUS AMERICANUS, sp. Nov. 
Length, 1.5-2.5 or 3.5 mm. 


Head angulated in front, with three or more teeth at the angle. 


ii 


T erminal claws long and slender, with a row of fine teeth on each 
side. Teeth of equal size in each row. Macula nigra rhom- 
boidal. : | 

The head is separated from the body by an obvious depression. 
Its upper margin curves pretty regularly downward to the point 
where the fornices approach it more closely, where it bends down- 
ward abruptly, and after a short distance is bent again, so as to 
form almost anacute angle with the front margin. At this angle 
are three or more short teeth. The fornices project considerably. 
The superior margin of the valves is arched, serrate, and produced 
into a short spine behind. In old animals the back is so much 
- arched as to bring the spine near the middle of the hinder edge. 
In the young it is near the top of the hinder edge. The posterior 
and part of the ventral margins are serrate. ‘The anterior margin 
is concave. The valves have the markings characteristic of the 
genus. ‘lhe abdomen has two blunt, weak processes. 

The post-abdomen is broad, compressed and truncate. Its 
greatest width at the top is often greater than its length to the in- 
sertion of the terminal claws. These are long and slender, with a 
row of fine teeth on each side. The teeth are of equal size in both 
rows, and are about 0.01 mm. long. There are eight or nine cau- 
dal teeth in each row, geniculate, and bearing a row of fine sete. 
Besides these, there are often five or six other very fine teeth, 
completing the row across the post-abdomen. 

The antennules are freely movable, shghtly curved, shaped like 
a truncated cone, and ornamented with several short cross rows 
of fine teeth. Theantennez and their branches bear the same or- 
nament, and on the basal joint are a pair of short, two-jointed 
setze, projecting upward from a slight elevation, and a similar seta 
near the insertion of the branches. 7 

The macula nigra, as seen from the side, is rhomboidal, with 
the upper angle sometimes a little prolonged. 

A rudimentary haft-organ is found in young animals, but dis- 
appears in the adults. 

The male resembles in general the young female. The testicle 
is very large, extending the whole length of the body. The vasa 
deferentia open on both sides of the Pel aah at the angle 


opposite the insertion of the terminal claws. They thus cross 
the intestine in their course. 

Color, corneous to opaque yellow. Calcareous concretions are © 
sometimes, though rarely, found in the valves. 

Everywhere common. 

This species combines the characteristics of several Kuropean 
species. In general appearance it resembles 8. serrulatus (Koch). 
The post-abdomen is more like that of S. exspinosus (Koch), as 
is also the macula nigra. ‘The serration of the terminal claws re- 
sembles that of S. vetulus (O. I’. Miller). It thus differs from 
S. serrulatus in two of its characteristic peculiarities — the shape 
of the macula nigra and the serration of the terminal claws. | 


SPECIES 2. 
SIMocEPHALUS VeEtTuLUs.. O. F. Miller. 


(DAPHNE VETULA. O. F. Miiller, Zo6l. Dan. Prod., N. 2399. 
DapPunia siMA. Liéven, Fischer, Liljeborg, Leydig. 
«s VETULA. Baird, 1. c., p. 95, P. X, fig. I. 
SIMOCEPHALUS VETULUS. Schédler, Branch, p. 18. 
a P. E. Miller, }. ¢., p. 122, Pl. I, figs. 26-27. 
a ‘“ Kurz, 1.(¢:, p.29: 


Very common everywhere, with the preceding species. Both 
species are almost always taken at the same time, but the number 
of individuals of S. Americanus is usually greater. 


GENUS 4. 3 
SCAPHOLEBERIS. Schddler, 1858. 
SPECIES 1. 
Plate 1. Fig. 7. 
SCAPHOLEBERIS MucronaTa (?) O. F. Miller. 


DAPHNE MUCRONATA, O. F. Miiller. Zool. Dan. Prod. No. 2404. 


Monocuus “ Jurine. Monocles, etc., p. 137. 

DAPHNIA o Taéven, lc. p: 30,1. V EG fig. 1S: 
e Liljeborg. 1. c., p. 44, T. III, fig. 6. 

ScAPHOLEBERIS “ Schédler. l.c., p. 28. 

DapPHNIA ef Leydig. 1. c., p. 18%. 


6 “4 _P.E. Miler. 1.c., p. 124. 
uc “c Kurz. 1. c., p. 28. 
Length, 0.7-0.8 mm. 


I give references for the variety ‘“‘fronte lvevi’ 


? 


only, since 


Schédler (Zur Naturgeschichte der Daphniden, 1877, p. 24) is 
very positive in his statements that the variety ‘‘ fronte cornuto ”’ 
is a distinct species. All the specimens which I have seen want 
the horn. | 

P. BH. Miller says of the genus, of which he has seen only this 
species, ‘“ Antennz immobiles.” So Liéven, “ Die Tastantennen 
kommen mit denen dieser Art. (D. pulex) tiberein.”” Other au- 
thors are silent on the subject, though it might possibly be in- 
ferred from Fischer's figures that he considered the antennules to 
be movable. They are always free in the specimens which I 
have seen. ‘The correspondence in other respects with S. mucro- 
nata is so great that I do not like to make this a new species. It 
is, at least, a marked variety, to which the name “fusca” might 
be appropriately applied. 

My specimens have all the different niablarids which, in differ- 
ent European localities, are considered characteristic of the spe- 
cies. Thus Miller says, ‘“ Areis hexagonalibus reticulata.” 
Schédler says: ‘“‘ Hine reticulirte Cuticula ist nur auf dem Kopfe, 
namentlich um den Risse] herum, deutlich wahrzunehmen: der 
Schalenklappen entbehren derselben, sind aber in der vorderen 
Partie leistenartig gestreift. Diese Leisten verlaufen in ziemlich 
gleicher Richtung mit dem Vorderande, und gehen, namentlich 
gegen den Unterrand, mehrfach in einander iiber. Die Mitte der 
Schalenklappen aber lasst nur eine feinkérnige Cuticula unter- 
scheiden.” JI have seen specimens from the same pool which ex- 
hibited markings agreeing with both these descriptions, and other 
specimens which showed still other variations. 


‘SPECIES 2. 
Plate I. Figs. 8, 9, 10, 10a. 


SCAPHOLEBERIS NASUTA. sp. nov. 
Length, circ. 1 mm. 
Rostrum pointed, antennules large and movable. Shell of 
valves covered with pointed elevations. 
The head is separated from the body by a marked depression. 
The lower margin of the head is slightly concave. The rostrum 
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is prolonged into a rather sharp beak, at whose apex the continu- 
ations of the fornices unite. The beak does not project down- 
ward, as in S. mucronata, but backward, and in its natural posi- 
tion lies between the valves. The valves closely resemble in 
shape those of S. mucronata. The shell of the head is reticu- 
lated, as is also that of the area a (Plate I, Fig. 9). The area d 
has a few strong striz and a few cross markings connecting these. 
There are only one or two striz parallel to the lower edge of the 
shell, and occasionally, in large specimens, two or three parallel 
to the hinder edge. ‘The rest of the valves bear numerous small 
pointed projections. The “ mucro” is short and blunt. The an- 
_tennules are much larger than in S. mucronata, though they do 
not project beyond the rostrum. They have a flagellum and a 
cluster of knobbed sense hairs, and are freely movable. The 
rami of the antennze are never opaque. The macula nigra is long 
and large, and somewhat resembles that of Simocephalus vetulus. 
The post-abdomen has the same general shape as that of the pre- 
ceding species, but is not opaque. ‘The terminal claws have sev- 
eral fine teeth on their outer sides. 

The male has the continuation of the fornices prolonged into a 
rounded projection on each side of the rostrum. These protect 
the large curved antennules, which are abundantly provided with 
sense-hairs. The vas deferens opens close behind the terminal 
claws. 

Color greenish white, varying to opaque, but usually quite 
transparent. 

In antennules and macula nigra this species resembles Simo- 
cephalus much more closely than does the preceding species. 
Kmbryos very closely resemble those of Simocephalus. 


GENUS 5. 


DAPHNIA. Schédler, 1858. 


Dapunia, Schédler. Branch. der Umg. von Berlin, p. 10. 
bg Sars, P. KE. Miiller, Kurz. 
& and HyALOvAPHNIA, Schédler. Cladoceren des frischen Haffs, 
p. 16. 


Daphnia, as thus limited, forms a very natural group. It con- 
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tains the crested forms of the Daphnine, and thus recalls the 
genera Acroperus and Camptocercus, among the Lynceide. Like 
those genera, too, the members of this group are transparent, and 
their post-abdomen is narrow and elongated, although by no 
means to so great an extent as in the Lynceid genera. 

No subsequent writer has agreed with Schédler in distinguish- 
ing Hyalodaphnia from Daphnia. And with good reason, since 
the sole characteristic of the genus is the absence of the macula 
nigra; and as this structure is small or rudimentary in all the spe- 
cies of Daphnia, its absence does not form a generic difference. 

Daphnia is not a genus typical of the sub-family Daphnine, 
but is rather an extreme form. Moina is the least specialized. 


SPECIES 1. 
Piate di. Wig 2. 


DAPHNIA PuLEX. De Geer, var. denticulata. var. nov. 


For the long synonymy of this oldest and best known of Clado- 
cera, see Baird, British Entomostraca, and P. E. Miller, Dan- 
mark’s Cladocera, p. 110. 

In size, shape and markings, this animal agrees with D. pulex. 
There are, however, some differences. The lower margin of the 
head is not so convex as in D. pulex. The abdominal processes 
are very slightly hairy, or not at all so, instead of being covered 
with hairs. The terminal claws, like those of D. pulex, are 
armed with teeth at their base, but have besides a row of very 
fine teeth extending along the whole length of the claw. The 
number of abdominal ‘teeth is greater than has been noted in 
D. pulex, being 18-20 instead of 15, the highest number noted in 
D. pulex (P. HE. Miller, T. I, fig. 4). On these grounds I make 
it a distinct variety, named from the teeth on the terminal claw. 

Cambridge, Mass.; Madison, Wis. 

I have seen a blind specimen of this species. The eye-capsule 
was ruptured, and the lenses and pigment scattered in the cavity 
of the head. The optic muscles and ganglion were in great 
part absorbed. It was a large and healthy animal and lived 
nearly a week in captivity, when it was eaten by a neuropterous 
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larva accidentally put into its glass.. It had a marked peculiarity 
in its motion. It frequently turned four or five somersaults in 
rapid succession, and invariably went through similar gyrations 
on coming in contact with any object. The eye was probably 
ruptured while moulting, as deformities of the head from this 
source are not uncommon. I have seen a deformed Simoceph- 
alus, in which the eye had evidently been destroyed by the same 
cause, which had elongated and compressed the head. 

This is perhaps the species found in Lake Superior, and noted 
by 8. L Smith (Fish Commission Report, 1872-3, p. 696). 


SPECIES 2. 
Plate Il. Figs. 5-7. 


DAPHNIA LAVIS. sp. nov. 


Length, 2-3 mm, exclusive of spine. 


Transparent, crested, head rounded in front, not prolonged into 
an angle. ‘Terminal claws smooth. Abdominal processes sepa- 
rate. Macula nigra present. | 

The spine may be as long as the body in young animals, or 
short and blunt in old individuals. The outline of the head is 
angular in embryos and young animals, but is regularly curved 
in adult specimens. A marked crest, more prominent in young 
than in old animals, runs along the front and top of the head. 
Below, the outline of the head is nearly straight, sometimes a lit- 
tle concave in the middle, prolonged behind into a sharp rostrum, 
whose apex lies close to the edge of the valves. The outline of 
the valves is on the whole elliptical, nearly resembling that of 
the preceding species. ‘The spine, however, is attached at about 
the middle of the distance from the dorsal to the ventral edges. 
The spine has two rows of teeth, one above and one below. Ex- 
ceptionally, there may be also a row on each side. The lower 
margin has a row of short spines. The markings of the valves, 
the antennules, antennze and post-abdomen, resemble the corre- 
sponding parts of D. pulex. There are about nine caudal 
teeth in each row. The terminal claws are smooth. The abdom- 
inal processes are not united. The macula nigra is small. The 
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hepatic coeca are quite small, often rudimentary, being greatly 
reduced in size, their cavity obliterated and their tissue degen- 
erated. Specimens of every age, except very young, may show 
this peculiarity. The “ haft-organ ’’ is wanting in adults, though 
found in embryos. 

The male resembles in shape the new born female. The an- 
tennules are movable, short and stout, with a flagellum, and a 
cluster of sense-hairs, not on the end of the antennule, but a lit- 
tle proximad. The “ haft-organ ” is present. 

So far as I know, this is the only crested species with a macula 
nigra in which the terminal claws are smooth. The name is 
given on account of this peculiarity. 

I found this very beautiful species only in a small, muddy pool 
near Mt. Auburn Station, Watertown, Mass., 1875. It was pres- 
ent in great numbers, and with a copepod formed the entire crus- 
tacean life of the pool. 


Sub-family 2. Lyncodaphnine. 


GENUS 1. 
LATHONURA. Liljeborg, 1858. 


LATHONURA, Liljeborg. 1. c¢., p. 55. 

< Schdédler, Sars, P. E. Miiller. 
PasitHEA, Koch, Leydig, Liéven. 
Dapunti4,e.p. O. F. Miiller. 


SPECIES 1. 
LATHONURA REcTIROSTRIS. O. F. Miller. 


DAPHNIA RECTIROSTRIS, O. F. Miiller. Entomostraca, p. 92, Tab. XII, fig. 


1-3. 
PAsITHEA be Koch. 1. c¢., H. 35, Tab. XXIV. 
5 st Liéven. 1. c., p. 42, Tab. XI, fig. 1-3. 
LATHONURA ¢ Liljeborg. 1. c, p. 57, Tab. IV, fig. 8-11; V, 2; 


XXIII, 12-18. 
“ PO he Muller: (be: patsd:. 


The male of this species I have once seen. It is smaller than 
the female, being about 0.5 mm. in length, while the female may 
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be 0.8 mm. Its back is less arched than that of the female and 
its ventral margin more convex. The valves gape widely below. 
The testicle has a thick coat of muscular fibres, both circular and 
longitudinal, and the vas deferens opens justin front of the anus. 
The antennules of the male resemble those of the other sex, and 
the feet of the first pair have a moderately large hook, but no 


flagellum or a rudimentary one. 
Cambridge, Mass., 1876. Rare. 


GENUS 2. 
MAcrorurrx. Baird, 1848. 


Macroturix, Baird. Ann. Mag. Nat. Hist., Vol. XI, p. 87, 1848. 
if Liljeborg, Schodler, et al. 
Ecutnisca, Liéven. 


SPECIES 1. 
Plate I. Figs. 12-13. 
MACRoTHRIX ROSEA. Jurine. 


MonocuLus Rosnus, Jurine. l.c., p. 150, Tab. XV. 
EcHINISCA ROSEA, Liéven 1.c., p. 31, Tab. VIII, figs. 3-7. 


MACROTHRIX “ Baird. Brit. Ent., p. 104. 
a “= Liljeborg. 1. c., p. 4%, Tab. IV, figs. 1-2; Tab. V, 
fos, 


ft “Pf. E. Miiller, p. 186, Tab. ITI, figs. 1-4. 


My specimens agree closely with Miiller’s description. He 
says, however, ‘Der findes et lidet udviklet Hefteapparat paa 
samme sted og af samme Bygning som hos Hurycercus.” In 
these specimens it is considerably larger than in Eurycercus, and 
lies decidedly further back. 

I have seen one male of this species. It is about 0.8 mm. long. 
The antennules are curved as in the female, and besides, curved 
outward toward the base, and again inward toward the apex, so 
as to appear somewhat bow-shaped, as seen from the front. They 
have five cross-rows of stout, short, black hairs on the outside of 
each antennule, and a rather long flagellum near the base. The 
sense-hairs are short and curved inward. The first feet have a 
very long hook, stout at the base, its apex projecting from be- 
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tween the valves and bent inward toward the median line, so that 
the ends of the two hooks are almost in contact when at rest. 
The ends are covered with fine teeth. The post-abdomen has the 
same general shape as that of the female. The hairs on it are 
finer, hardly perceptible. ‘There are no terminal claws, and the 
post-abdomen is prolonged into an elevation about 0.05 mm. 
long, on whose summit the vas deferens opens. 

Madison, Wis., 1877. Not rare in shallow and weedy water. 


Sub-family 3. Bosminine. 


GENUS 1. 
Bosmina. Baird, 1850. 
SPECIES 1. 
BosminA Lonerrostris. O. F. Miller. 


LYNCEUS LONGIROSTRIS, O. F. Miiller. Entomostraca, p. 76, Tab. X, figs. 7-8. 


BosMINA OY Sars, l. c., p. 1538. 
. . Schodler. Cladoceren des frischen Haffs. p. 45, figs. 
16-17. 


es : P. E. Miller. 1. c¢., p. 146, Tab. III, figs. 8-9. 
as Karz, 102, 7. 29: 
Length, circ. 0.39 mm. 


These specimens agree with Bosmina longirostris in all respects 
except size, which is considerably greater in our form. 
Cambridge and Southampton, Mass.; Madison, Wis. Rather 


rare. 
SPECIES 2. 


} BosMINA CORNUTA. Jurine. 
Plate TI. Fig. 10. 


Monocuvs cornvutus, Jurine. 1. c., p. 142, Tab. 14, figs. 8-10. 

EUNICA LONGIROSTRIS, Koch. 1. c., H. 35, Tab. XXIII. 

BOSMINA CORNUTA, Sars. 1. c¢., p. 280. 
es gf Schodler. Clad. fr. Haffs. p. 49, Tab. ITI, figs. 18-22. 
a . P. E. Miller, 1. c., p. 147. 


Specimens belonging to this species were found at Hasthamp- 
ton, Mass., Aug., 1878. Length, 0.38 mm. 
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FAMILY 3. LYNCEIDE. 


Sub-family 1. Eurycercine. 


Sole genus and species. 
Kurycercus LAmMEuLLatTus. O. F. Miller. 


For the synonymy of this species, see P. EH. Miiller, 1. c. p. 162. 
Fischer’s L. laticaudatus is the only instance where the animal 
has been described under a specific name different from Miuller’s. 

I wish to note only a few points in the anatomy of this species. 
The ventral margin of the valves is set with short, stout, movable 
spines. These bear near near the base a row of backward pro- 
jecting hairs. The antennules have a crown oi long teeth around 
the apex, from within which rise the sense-hairs. On the basal 
joint of the antennz, about the middle of its hinder side, is a 
large tubercle, covered with short, stout, black spines. The an- 
terior margin of the valves is strongly convex, and the lower 
loop of the shell-gland is prolonged into the convexity, thus mak- 
ing an open loop, whose long axis is parallel to that of the body. — 
Leydig’s figure of the animal is quite incorrect in this particular, 
and indeed, his figures in general, so excellent in other respects, 
are little to be trusted in this. His figure of the legs of this spe- 
cles 1s very accurate. 


Sub-family Lynceinae. 
GENUS 1. 
PLEUROoXUsS. P. EH, Miller, 1868. 


LYNCEUS. e. p. autorum. 
PLEUROXUS ET PERACANTHA. Baird. 
= ss ET RuyrPorHinus. Schodler. 
- es Sars, Kurz. 
SPECIES 1. 
Plate I. Figs. 19-20. 
PLEUROXUS PROCURVUS. sp. nov. 
Length, 0.5 mm. 
Rostrum bent forward and upward at tip. Hinder margin and 
anterior margin armed with teeth. Valves striate around edges. 


bi 


The shape in general is oval. The dorsal margin is high, 
arched, sloping steeply toward the posterior margin, with which it 
forms a sharp angle, almost a tooth. The posterior margin is 
short, straight, and has seven oz eight teeth. Of these, the first 
upper tooth points obliquely upwards, the succeeding two also 
upwards, though less steeply, and the rest either outward or 
slightly downwards. ‘The posterior margin joins the ventral in a 
rounded angle. The ventral margin is concave, and has some- 
what sparse, abundantly plumose, sete. The forward margin is 
strongly convex, and has numerous small teeth on its lower half. 
These point downward or backward. The valves are marked 
by strize, which are very plain around the edges. At the upper 
part of the posterior margin they are parallel to the back, grad- 
ually changing their course so as to become perpendicular to the 
ventral margin about its center. The succeeding striz incline 
backward, and become at last parallel to the anterior margin. 
There is an area in the center of the valves which is either ob- 
scurely reticulated or smooth.. The rostrum is long, stout, and 
abruptly bent outwards into a hook at its tip. The post-abdo- 
men is long, laterally compressed, truncated, with a dorsal row of 
teeth, consisting of a cluster of four or five stout and long spines 
at the lower corner, and eight or ten teeth following these, ar- 
ranged somewhat in pairs. In this and all other cases of a dorsal 
row of teeth, which I have seen, except in Hurycercus, the teeth are 
not exactly on the dorsal margin of the post-abdomen, but are 
set on the sides, usually each alternate tooth on the same side, so 
that there are really two rows of teeth. The keel of the labrum 
is somewhat tongue-shaped, running into a long, rounded -projec- 
tion behind. The ephippium forms on the rear upper part of the 
shell. It contains one ego. Two summer eggs are produced at 
one time. The color is yellowish, but remarkably transparent. 
The male was not seen. } 

Glacialis, Cambridge, Mass., two specimens, 1875. Southamp- 
ton, Mass., 1878; common. Madison, Wis., July and August, 
1877; common. 

The teeth on the posterior and anterior margins of shell at once 
distinguish this species from all others with recurved rostrum. It 
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combines the general appearance of Pleuroxus with the rostrum 
of Rhypophilus, and the anterior and posterior marginal teeth of 
Peracantha. The name is given from the shape of the rostrum. 


SPECIES 2. 
Piate EL. Big. 11. 


PLEUROXUS STRAMINIUS. sp. nov. 
Length, circ. 0.6.mm. Height, 0.85 mm. 


Post-abdomen slender, its dorsal side concave. Valves marked 
by hexagonal meshes. 

The dorsal margin is not greatly arched. It forms a short but 
well marked projection at its junction with the posterior margin. 
A similar projection, not a tooth, is seen at the junction of the 
posterior and ventral margins. MRarely, a very small tooth is 
present there. ‘The valves are marked by elongated, hexagonal 
or irregular meshes. The rows run obliquely downward and back- 
ward. The surface is also marked by the “ stiitz-balken” and by 
minute striz. These last are coiifined to the meshes and do not 
cross the lines of reticulation, The post-abdomen is long, slen- 
der, somewhat curved, truncated at the end, with a large number 
of fine, slender teeth on the dorsal row. The terminal claws 
have the usual two spines, and are serrate. ‘This last character- 
istic is not always to be seen. The antennules have six or eight 
sense-hairs besides the flagellum. The eye is much larger than 
the macula nigra. 

The rostrum of the male is much shorter than that of the fe- 
male, the post-abdomen is more slender, and the terminal claws 
are very slightly removed from its ventral edge. The vas defe- 
rens thus opens between or slightly above the terminal claws. 
Except for the regular sexual difference, it otherwise resembles 
the female. Color, straw-yellow, opaque. 

P. straminius is most nearly allied to P. hastatus (Sars). The 
females are nearly the same. They differ in proportions, hastatus 
being higher proportionately. The lines of reticulation are hori- 
zontal in P. hastatus, oblique in straminius. The former is “ eine 
der durchsichtigsten Species” (Kurz), while the latter is just the 
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reverse. The valves differ widely. In P. hastatus the head is 
very small, the rostrum slender and strongly curved, and the 
post-abdomen tapers gradually to a point. In P. straminius the 
head is longer, the rostrum short, blunt, not much curved, and the 
abdomen shorter and truncated at the end. 

Cambridge, Mass., 1875; common. Not found in Madison, 
Wis., where its place seems to be taken by P. procurvus and P. 
‘denticulatus, which are far more common there than in Cam- 
bridge. 3 

The name is given on account of the color. 


SPECIES 3. 
Piste LT, (Pie. 12: 


PLEUROXUS INSCULPTUS. sp. nov. 
Length, circ. 0.27 mm. Height, 0.18 mm. 


Valves strongly marked by hexagonal reticulations. One tooth 
at lower posterior angle of valves. 

This is by far the smallest species that I have seen. The dor- 
sal margin is little arched, so that the hinder margin is not much 
shorter than the height of the valves. At the junction of the 
posterior and ventral margins, there is a strong tooth formed by a 
semi-circular incision in the posterior margin. Sometimes there 
is a second very small tooth above it. The ventral margin of 
the female is very slightly concave, the concavity lying in the 
rear half of the margin. The shell is marked as in the pre- 
ceding species, but the lines are much more distinct. At first 
sight only the diagonal strise are manifest. Closer inspection dis- 
closes the true nature of the sculpture. The rostrum is rather 
short, the fornices quite broad. The post-abdomen is short, broad, 
truncated, with a dorsal row of eight or ten teeth. The ter- 
minal claws are serrated and have the usual. two basal spines, 
The last (eighth) seta of the antennz is not always to be found. 
The eye is quite large; the macula nigra much smaller. The 
male is narrower proportionately. Its rostrum is short and 
‘‘stumpy.’’ The post-abdomen is strongly concave below, dorsally; 
with about the same number of teeth asin the female. The end 
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is somewhat rounded. ‘The terminal claws have very small basal 
spines and no serration. 
The name ‘is given on account of the deeply cut reticulations. 
Cambridge, Mass. Glacialis, 1876. Rather scarce. Southamp- 
ton, Mass., 1878. Not uncommon. 


SPECIES 4. 
Plate I. Fig. 21. 


PLEUROXUS DENTICULATUS. sp. nov. 
Length, 0.5-0.6 mm. Height, 0.35-0.45 mm. 


Anterior margin of valves armed with small, backwardly pro- 
jecting teeth. Rostrum not bent forward. 

The dorsal margin is very convex, descending rapidly to the 
posterior margin, which is consequently relatively short. At the 
junction of the posterior and ventral margins, there are two, three 
or (usually) four teeth, or in young specimens none. Of these, the 
upper tooth curves upward, the others outward, or the lowest a 
little downward. ‘There is a series of fine teeth on the lower part 
of the anterior margin, directed downward or backward. These 
le inside the row of setze. The shell is marked as in P. procur- 
vus. ‘There are also striz on the head, of which the lower run 
parallel to the edge of the fornix, the upper parallel to the outline 
of head. The rostrum is long, pointed, and curves backward. The 
post-abdomen resembles almost exactly that of P. procurvus. 
There is often a black pigment deposited in its lower part. The 
male has a shorter rostrum, hairs instead of teeth on the post-ab- 
domen, whose lower angle is rounded. Color, greenish or yellow- 
ish. 

Glacialis, Cambridge, 1876. In muddy or clear water. Madi- 
ison, 1877. Common. | 

This species is allied to P. trigonellus (O. F. Miller), from 
which it differs in shell markings, and very greatly in the male. 
(Vid Kurz, Pl. TIT, fig. 2.) P. Bairdn, Schodler (= P. tmgonel- 
lus, Baird) has the strize all parallel and extending over the shell, 
a rounded and gibbous post-abdomen, and other differences. It 
differs from these and all other species of Pleuroxus, in its lim- 


ea 
ited sense, by the possession of teeth on the anterior margin. 
From this fact, I have named the species P. denticulatus. 


SPECIES 5. 
Plate I. Fig. 22. 


PLEUROXUS UNIDENS. sp. nov. 
Length, 0.85 mm. Height, 0.46 mm. 


Shell little arched on dorsal margin. Lower posterior corner 
of valves rounded. A tooth justin front of the corner. Valves 
marked by stria. | 

In its proportions, this species approaches P. straminius, the 
back being comparatively little arched, so that the height is about 
one-half the length. In the shape of the front part of the ani- 
mal, there is also a close resemblance to P. straminius, and in the 
relative length of the post-abdomen. ‘There are, however, great 
differences. The upper posterior angle is prolonged into a 
projection, quite characteristic, seen, I believe, 1n no other species. 
The lower corner is rounded, not angulated. Some distance be- 
fore it is placed a single minute tooth. From this peculiarity, the 
species has received its name. The bristies of the lower edge are 
much larger in front. They become very small behind, and 
seem to be smooth there instead of plumose. The valves are 
marked by striz One set occupies the upper half of the valves 
and runs approximately parallel to the back. A second set runs 
nearly parallel to the lower edge. The upper striaof this set is com- 
plete, and tho-e of the upper set run into it where their curvature 
will not permit them to reach the posterior margin without meeting 
it. At the front part of the valve is a set. parallel to the forward 
edge. These meet the second set in an area which is irregularly 
reticulated. The striation is very plainly marked. The post-ab- 
domen is long and stout. The hinder end is truncated, but the 
corner is slightly rounded off. There are two rows of 18 or 20 
pointed, rather long, caudal teeth. The terminal claws have the 
usual two basal spines, and are serrate. There are two small pro- 
jections (one of which is shown in the figure) on the abdomen, 
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which can hardly be anything else than a rudimentary sixth pair 
of legs, although they are situated some way back of the fifth 
pair. It was wanting in one of the dozen specimens which I ex- 
amined, or at least I could not find it. If it 1s a rudimentary 
sixth leg, this is the first case in which this structure has been 
found in the Lynceinz. It confirms the opinion which I had 
formed on other grounds, that Pleuroxus is the genus which 
stands as the most generalized type of this sub-family. Coior, 
yellowish, transparent. Male not seen. 

Lake Wingra, Madison, Wis., Sept., 1877. Rare, only about 
fifteen specimens found. 

This is the largest species of Pleuroxus yet seen, and P. stra- 
minius seems to be the next in size. 


SPECIES 6. 
Plate II. Figs. 13, 14. 


PLEUROXUS HAMATUS. sp. nov. 
Length, 0.4-0.45 mm. Height, 0.21-0.25 mm. 


General shape like that of P. unidens. Valves marked by 
oblique strize, and by short, irregular, horizontal strie. 

In general shape this species approaches closely to P. unidens, 
though the back is somewhat more arched. The posterior mar- 
gin of the valves is concave, the lower angle rounded, and en- 
tirely without teeth. The valves are marked by striz running as 
in P. denticulatus, and by short, faintly marked strise, which run 
nearly horizontally. These cross the oblique strize, and are found 
all over the shell of valves and head. ‘The species is, in mark- 
ings, the third of a series. P. unidens has only strize, and those 
continued quite across the valves. PP. denticulatus and P. pro- 
curvus have striz at the edges and irregular markings in center, 
while the present species has striz around the edges of valves, 
and also the short markings all over them. 

The post-abdomen closely resembles that of P. denticulatus. 

The feet of the first pair in the female are furnished with a tol- 
erably stout hook, of which a sketch is given in PI. II, fig. 14. 
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This is, I think, the only case where this distinctively male ap- 
pendage is found in the female. 
Southampton, Mass., Aug., 1877. Not rare. 


SPECIES 7. 
Plate II. Fig. 15. 


PLEUROXUS ACUTIROSTRIS. sp. nov. 
Length, 0.35 mm. Height, 0.22 mm. 


Beak, long, pointed, and bent backward at the tip. Teeth of 
post-abdomen very fine. Bristles of lower margin of valves stout 
and plumose. 

In general shape this species closely recalls P. hamatus. It is 
readily distinguished by the long, pointed rostrum, whose apex 
nearly meets the valves when in its natural position. ‘The vaives 
are reticulated as in P. insculptus, although not so plainly. There 
are no teeth on their ventral margin. 

The post-abdomen is broad, compressed, truncated, with numer- 
ous fine caudal teeth. The terminal claws have only one basal 
spine. 

In rostrum this species closely approaches Harporhynchus 
(Sars), as also in the single basal spine of the terminal claws. In 
general, however, the species is so thoroughly Pleuroxus-like in 
appearance, that I keep it under that genus for the present. 

Southampton, Mass., July, 1878. Very rare. 


GENUS 2. 


CHYDORUS. Leach. 1816. 


Cuyporvs, Leach. Sup. Brit. Encyc., Art. Annulosa.* 
gs Baird, Schédler, Sars, Kurz, P. E. Miller. 


SPECIES I. 
Plate II. Fig. 19. 


CHyporus SpH#rRicus. O. F. Miller. 


One of the oldest and best known species of Cladocera For 


* Teste P. E. Miiller. 
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synonymy, see Kurz (i. ¢., p. 77). The mandibles are articulated, 
not where the fornix joins the valve, but behind this point. This 
fact is noted by Kurz in C. ovalis, and his figures show that the 
same is true of C. globosus; although his description of C. glo- 
bosus would imply otherwise. A chitinous ridge runs from the 
the point of articulation of the mandible, above the junction of 
the fornix and the valve, along the under side of the fornix to the 
rostrum. It does not stop at the junction of fornix and valve, as 
figured by Kurz in ©. ovalis. 

This species is common wherever I have collected, and is pres- 
ent in dense swarms near the surface of the water on bright, 
warm, calm days. It is one of the earliest of the Lynceine to ap- 
pear in the spring. 


SPECIES 2. 
CHYDORUS GLOBOSUS. Baird. 


For synonymy, see Kurz (1. «, p. 18). 
One specimen from Lake Wingra, Madison, Wis., Sept., 1877. 


GENUS 3. 
CREPIDOCERCUs. gen. noy.* 


The head isimmovable. The rostrum is sharp, but does not 
extend downward for more than half the distance between the ar- 
ticulation of the mandible and the ventral edge. The dorsal 
margin is much arched, and rounds evenly over, terminating be- 
hind iu a somewhat sharp angle. ‘The posterior margin is sinu- 
ate, concave above, then convex. Just in front of the junction of 
the posterior and ventral margins is a single strong, recurved 
tooth. The ventral margin is slightly concave and the anterior 
margin strongly convex. ‘The valves are marked by the “ stittz- 
balken,”’ as in all Cladocera, and by an obscure reticulation of ir-, 
regular hexagonal meshes, most clearly marked in the hinder 
portion of the valves, where the longer axis of the meshes runs 
‘obliquely downward and backward. 


Ld ld ° 
* From %077t¢, shoe, and X€Pz0¢, iail. 
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The upper part of the dorsal margin of the post-abdomen is 
prolonged, and runs nearly parallel to the posterior margin of the 
valves, while the lower part is parallel to the ventral margin, and 
makes nearly aright angle with the upper part. The apex is 
rounded and bears two small terminal claws, each of which has a _ 
small basal spine. 

The general shape of the post-abdomen is like that of a shoe, 
whence the generic name. It is much compressed laterally, and 
its armature consists of numerous bristles scattered somewhat ir- 
regularly over its surface. 

The usual pair of sete project backward from the post-abdo- 
men; and the ventral margin of the valves is fringed with some- 
what long, plumose sete. 

The antennules are of moderate size, do not reach to the end of 
the rostrum, and have a flagellum and eight to nine sense-hairs. 
The antennz are about as large as in Pleuroxus, and bear eight 
setae (22°) and three spines (494). The keel of the labrum is some- 
what prolonged backward, as in Pleuroxus, but not toso great an 
extent. 

The eye, macula nigra, intestine, anal coecum and shell-gland 
present no points of especial interest. 

The shape from above is an elongated oval, broadest through 
tne fornices. ‘T'he valves gape considerably below. 

The animal moves by strong and sudden blows of the anten- 
ne. With a single stroke it darts for a short distance, and then 
returns to rest, ordinarily not moving again until disturbed. It 
may, however, swim for a considerable distance by repeated 
strokes of the antennz, but on the whole is decidedly sluggish, 
remaining for hours at rest. The extreme suddenness with which 
it starts into motion is very remarkable. The antenne are ordi- 
narily bent downward along the anterior margin of the valves, 
and I have never been able to see them raised preparatory to a 
saart. It passes instantaneously from rest to motion, and, with- 
out any warning, is gone from the field of view in the microscope. - 
It can aiso move slowly, as I have noticed, by strokes of the ab- 
dominal feet upon the cover of the live box in which it is kept. 
The post-abdomen does not seem to be employed as an aid to lo- 
comotion. 
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SPECIES I. 
Plate: I. ie 18: 


CREPIDOCERCUS SETIGER. sp. nov. 
Length, 0.4-0.5 mm. Height, 0.27-0.32 mm. 


Measurements from one specimen. 


Length, 0.87 mm. Height, 0.25 mm. Length of hind margin, 
0.12 mm. Length of spine of ventral margin, 0.017 mm. Length 
of sete of ventral margin, 0.02-0.04 mm. Diameter of eye, 
0.028 mm. Diameter of macula nigra, 0.01. Length of anten- 
nule, 0.04£ mm. Length of post-abdomen from “heel” to “toe,” 
0.11 mm. Length of terminal claw, 0.016 mm. This specimen 
was rather below the average in size. 

The color is yellow, rather opaque. The specific name is taken 
from the setze with which the post-abdomen is armed. Mad- 
ison, Wis. Rare. Male not seen. | 

This species is to some degree intermediate between Alona and 
Pleuroxus. It resembles the first in the size of the rostrum and 
the single basal spine of the terminal claws. In general shape 
and markings it recalls Pleuroxus. Graptoleberis is the only 
form whose post-abdomen at all resembles that of Crepidocercus. 
The mode of motion is quite peculiar. 


GENUS 4. 


GRAPTOLEBERIS. Sars, 1867. 


GRAPTOLEBERIS. Kurz. 
Atona,e.p. Baird, Schédler, P. E. Miiller. 
Lyncnvs, e. p. Leydig, Liljeborg, Fischer et al. 


SPECIES 1. 
Plate 2.) iio dive 


GRAPTOLEBERIS INERMIS. sp. nov. 
Length, 0.6-0.8 mm. Height, 0.30-0.85 mm. 


There is no indentation at the junction of head and thorax, but 
the dorsal margin rounds regularly over from the point of the 


Pare 


rostrum to the posterior margin. ‘The junction here is not well 
marked, and at the lower corner the posterior margin does not 
form a sharp angle with the ventral. ‘T’he corner is rounded, but 
on it are two strong teeth like those of G. testudinarius (F:scher). 
_ The ventral margin is straight. T’ne front half bears long, straight, 
closely set, plumose setze, while those on the hinder part are shorter 
and more scattered. The meshes of the reticulation are mostly 
hexagonal on the head, quadrangnlar or irregular on the body. 
The lines of the network in the front and lower part of the valves 
radiate from the junction of valve and fornix. The first few rows 
run to the ventral margin. The succeeding rows bend and run 
parallel to that edge. ‘Those on the upper half of the valyes are 
parallel to the dorsal margin, and there are one or two imperfect 
rows in the middle of the valves where the two sets meet. The 
upper set are continued on to the head, running around parallel 
to the edge of the fornix. ‘The lower, dorsal, margin of the post- 
abdomen bends upwards just below the anus, and thus makes the 
apex pointed. There are about eight clusters of three or four 
hairs each, on each side. ‘The terminal claws are small and un- 
armed. The eye is only of moderate size, smaller proportionally 
than in Alona. While in Alona the diameter of the eye, in an 
average specimen may equal +; of the total length, in G. inermis, it 
equals only =,-55 of the length. The macula nigra is about 
two-thirds as large as the eye, a little smaller than in Alona. 
Male not seen. 

This species resembles G. testudinarius in most particulars (see 
the excellent description of this species, Kurz, ]. ¢, pp. 50-58). 
The differences are, the eye in this species is small instead of 
large; its shape is rounded, not “ nearly triangular ;” the macula 
nigra is not greatly smaller than the eye; the terminal claws are 
smooth and not “ornamented with teeth;” there is no trace 
of an elevation on the back, where the outline of the head meets 
that of the back; the posterior lower corner is rounded, though 
armed with teeth, and not prolonged into a sharp angle. 

The outline in general more closely resembles that of G. reticu- 
Jatus than that of G. testudinarius. In most respects, however, it 
more closely approaches the latter species. 
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Cambridge, Mass., 1876, two specimens. 
Madison, Wis., Sept., 1877, Third Lake. Rare. 
Southampton, Mass., 1878. are. 


GENUS 5. 
Atona. Sars, 1862. 


This genus was first established by Baird, 1850, but was lim- 
ited to a small portion of its former extent by Sars. I am not. 
sure that Alonella should have been separated from Alona, but 
on the whole, prefer to keep the genus as Sars left it. 


SPECIES 1. 
Plate II. Fig. 16. 


ALONA ANGULATA. sp. Dov. 
Length, 04mm. Height, 0.25 m. 


Shell marked by rectangular meshes. 

The dorsal margin is considerably arched, terminating in a 
more or less obvious angle at the hinder corner. The hinder edge 
is convex, as is also the front margin. The ventral margin is 
provided with plumose setz. The rostrum is pointed, as seen 
from the side, and extends down nearly to the ventral edge of the 
shell. The fornices are broad, the distance between their edges 
being nearly equal to the greatest distance between the valves. 
They are extended forward to the end of the rostrum. The shell 
is obviously striated, the striz running obliquely downward and 
backward. Close inspection discloses a set of cross markings, 
making the shell reticulated with oblong meshes.’ The post-abdo- 
men is broad, and truncated at the end. It has a row of about 
twelve teeth on each side, inserted a little way from its lower, dor- 
sal, edge, and their points project behind it. Along the middle 
of the post-abdomen, on each side, runs a row of very small 
scales furnished with clusters of short hairs. The antennules are 
rounded at the end, and the sense-hairs are set around the end, not 
upon it. They have besides a flagellum. The basal joint of the an- 
tennze reaches about to the edge of the fornix, the branches nearly 
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to the lower edge of the shell. They have 39% setze and 1°° spines, 
The last seta is, as usual, very much smaller than the others. The 
macula nigra is much smaller than the eye, about one-third as 
large in diameter. Two young are produced at once. A very 
young specimen showed no striz. In the adult, these are about 
0.025 mm. apart. 

The male is somewhat smaller than the female and of slightly 
different proportions. It is 0.85 mm. long and 0.2 mm. bigh. 
The rostrum projects farther forward and not so far down- 
wards. The post-abdomen is rounded at the end, without teeth, 
but with arow of fine hairs. The vas deferens opens below the 

terminal claws. The body behind the heart rises up to the top 
of the cavity of the valves. This position makes the abdomen 
hang down nearly perpendicularly when at rest. Thecoils of the 
intestine are larger than in the female, and the testicle hes imme- 
diately on them. The front legs have the usual hook. The 
cross markings of the sculpture are scarcely to be seen; otherwise 
it resembles the female. 

_ The reticulation of this species excludes it from all others of this 
genus except A. guttata (Sars, Crust. Clad. 1 Omen. of Christiania, 
p. 287). In that species, however, the rostrum is shorter, the ma- 
cula nigra much larger (” oculo parvo minor,” Miller), the post- 
abdomen “‘apice rotundato,” and its teeth much smaller. The 
general outline, too, is different, and the reticulation, instead of 
running obliquely across the valves, is horizontal. Itis also one- 
fourth larger: 0.5 mm. instead of 0.4. A. reticulata (Schédler, 
Neue Beitr., etc., p. 25), if not identical with A. guttata, is even 
more unlike the present, species. 

Cambridge, Mass., 1876. Not rare. 


SPECIES 2. 
Plate 1: Fig. 16. 


ALONA PORRECTA, sp. nov. 
Length, 0.34 mm. Height, 0.19 mm. 


Anterior portion of valve with a sinus. Lower angle of post- 
abdomen acute. Shell striated with horizontal lines. 
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This and the following species will be more briefly described. 
There is no evident angle at the junction of the dorsal and pos- 
terior margins. The lower edge bears setee and has no sinns. 
The front edge has a very slight sinus, or none at all. The 
valves are marked by faint horizontal striz. The rostrum does 
not extend so far downwards as in the preceding species. The 
post-abdomen has its usual claws, each with its basal spine, which 
is not serrate. The teeth of the post-abdomen are about twelve 
In each row; three or four at the end are larger than the rest. 
There is besides, a row of hairs above the row of teeth. The 
lower angle of the post-abdomen is not rounded. The male is of 
the same general shape as the female. Length, 0.34, height, 
0.18 mm. Inthe armature of the post-abdomen this species ap- 
proaches nearest to A. tenuicaudis (Sars) ; but in other respects, 
e. g. shape of shell, and especially of post-abdomen, is quite dif- 
ferent. 

Cambridge, Mass., 1876.; Madison, Wis., July, 1877. Not vom- 


mon. 


SPECIES 3. 


ALONA GLACIALIS. sp. nov. 
Length,0.3mm. Height, 0.19 mm. 


Anterior margin of valves without sinus. Valves horizontally 
striated. Lower corner of post-abdomen rounded. 

This species differs from the preceding chiefly in the post-ab- 
domen. ‘This is rounded at the lower angle, and the teeth, about 
fourteen in number, are of equal size. There is also a second row 
of hairs. The forward edge of vaive is strongly convex, other- 
wise much like A. porrecta. This species approaches perhaps most 
nearly to A. lineata (Fischer). There are, however, great dif- 
ferences. The size of A. lineata is nearly twice as great. The 
post-abdomen has, according to Miiller and Schédler, only one 
row of teeth and no hairs. According to Kurz, it has hairs, but a 
deep incision in the lower end. In either case the dtfference is 
well marked. The shape is also different. A. glacialis is rela- 
tively much broader behind than A. lineata (vid. Schédler). | 
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Glacialis, Cambridge, Mass., 1876.; rare. Male not seen. The 
specific name is taken from the pond in which it was chiefly 
found. 

SPECIES 4. 


ALONA SPINIFERA. Schdodler. 
ALONA SPINIFERA. Schddler (Neue Beitriige, p. 18, Pl. [, fig. 17-22). 


Specimens belonging to this species were scantily found in 
Madison, Wis., and were quite common in Southampton, Mass. 


SPECIES 5. 
ALONA OBLONGA. P. E. Miller. 


ALoNa oBLoNGA. P. E. Miller, 1. c., p. 175, Pl. II, fig. 22-28. 


Length, 0.9 mm. 


One specimen, closely agreeing with Miiller’s description, was 
found in Merrill’s Springs, near Lake Mendota, Madison, Wis., 
Sept., 1877. 

On the front side of the second joint of the outer antennary 
branch was a cluster of spines. In this it differed from Miller's 
description. 

SPECIES 6. 


ALONA TUBERCULATA. Kurz. 
ALONA TUBERCULATA. Kurz, 1. c., p. 51, Tab. IT, fig. 3. 


The chief difference between my specimens and Kurz’s, seems 
to be that mine have a greater number of rounded elevations 
than his. 

The shape of the post-abdomen does not appear to be identical, 
but so brief is his description that I am not sure of any differ- 
ence. I therefore prefer to leave it under that species for the 
present. 

Southampton, Mass., 1878. Rather common. 
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GENUS 6. 


ALONOPSIS. Sars, 1862. 


ACROPERUS, e. p. Schdodler. 
Autonopsis. P. E. Miiller, Kurz. 


SPECIES I. 
Plate I. Fig. 14-15. 


ALONOPSIS MEDIA. sp. nov. 


Length, 0.55 mm. Height, 0.385 mm. 
Length of male, 0.4 mm. 


Rostrum prolonged and shell sharp, somewhat quadrangular 
in shape, marked by strive. | 

The dorsal margin is convex, the hinder margin nearly straight. 
its lower angle is rounded and without teeth. The lower margin 
is concave, and has long, plumose sete. The front margin is 
strongly convex. The post-abdomen is long and slender, resem- 
bling that of Camptocercus, and is notched at the distal extremity. 
It has two rows of fine teeth and some small scales above them. 
The terminal claws are long, slender, with a basal spine, a spine 
in the middle, and are serrated. The antennules are long and 
slender, but do not reach to the end of the rostrum. They have 
each a flagellum and sense-hairs. The antenna are small and 
have eight ($¢%) setee and two (422) spines. The labrum resem- 
bles that of A. leucocephalus, but is slightly prolonged at its 
apex. The intestine, coecum, and color resemble those of Acro- 
perus. ‘There is a trace of a keel present on the back. 

This species is in some retpects intermediate between A. elon- 
gata (Sars) and A. latissima (Kurz). In general shape, rostrum 
and marking of valves, it most nearly approaches the former, 
while it approaches the latter in the post-abdomen, its shape, teeth 
and armature of terutinal claws. Hence I call the species A. me- 


dia. 
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GENUS 7. 


ACROPERUS. Baird, 1850. 


ACROPERUS, e. p. Schodler. 
AcroPeERvus. Miiller, Sars, Kurz. 


SPECIES 1. 
AGROPERUS LEUCOCEPHALUS. Koch. 


LYNCEUS LEUCOCEPHALUS, Koch. 1.c., H. 36, Pl. X. 

?A. HARP. Baird, 1. c., p. 129, Pl. XVI, fig. 5. 

L. LEUCOCEPHALUS. Fischer, Erginzung, u. s. w., 1854, p. 11, Pl. III, 
fig. 6-9. 

A. LEUCOCEPHALUS. Schodler, Miiller, Kurz. 

Cambridge, Mass., Madison, Wis. Common. 

Kurz says: “‘ Die Acroperus-arten sind die besten Schwimmer 
unter den Lynceiden.’’ This is not true of our species, which is 
far inferior in strength and rapidity of motion to both Crepido- 
cercus and Pleuroxus. The same is true of Alonopsis and Alona. 

The last genus, indeed, is given to haunting the bottom of the 
water, and often is found resting among the debris at the bottom 
of the jar m which it is kept. 


GENUS 9. 


CAMPTOCERCUS. Baird, 1851. 


CAMPTOCERCUS. Baird, Sars, Schédler, P. E. Miiller, Kurz. 


SPECIES 1. 
CAMPTOCERCUS MacruRus. O. F. Miller. 
Length, about 1 mm. 


Lyncrus Macrurus. O.F. Miiller, Prod. No. 2397. 
Gi a iljeborg, 1. c., p-89;Pl. VIL, figs..2,.3. 
CAMPTOCERCUS “ Schédler, Neue Beitr., p. 35, Pl. II, figs. 39-41. 
i as P. E. Miller, 1. c., p. 164, Pl. III, fig. 12. 


Cambridge, Mass., Madison, Wis. Not common. 


SECTION II. GYMNOMERA. Sars. 
POLYPHEMUS PepicuLus. De Geer. 
One specimen only. Cambridge, Mass., Oct., 1876. 
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EXPLANATION OF BEATE 


Ceriodaphnia dentata, fem. Head x 80. 
cs eS “ Post-abdomen x 130. 
ee consors, “ Head. x 80. 
o os a Post-abdomen  X 180. 
Simocephalus vetulus, “ Macula nigra X< 260. 
e Americanus, fem. Macula nigra x 260. 
Scapholeberis mucronata, fem. Head from below x 160. 
me nasuta, male. Head seen obliquely from below x 260. 
‘Stem: lead >< <8: 
hOrasa, ° “ fem. Macula nigra from side and from be- 
low X 260. 
Daphnia pulex. Terminal claw. 
Macrothrix rosea, male. Post-abdomen x 260. 
ie i s Antennule X< 260, 
Alonopsis media, “ Post-abdomen x 160. 


“ fem: " x 10! 
Alona porrecta, male. x 150. 
Graptoleberis inermis, fem. Post-abdomen x 150. 
Crepidocercus setiger, fem. x 148. 
Pleuroxus procurvus, fem. Front part of animal x 150. 
a fem. Hind part of valve X 150. 
denticulatus, fem. Post-abdomen xX 150. 
‘ unidens, fem. Hind part of body and valves x 95. 
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THE HELIOTYPE PRINTINGCO. 220 DEvoNSHIRE St. Boston 
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EXPLANATION OF PLATE IL 


1. Daphnella exspinosa, fem. Antennule x 140. 

2. “male. : a 

3. ¢ ie Bs Post-abdomen xX 140. 
4. CG (79 cc (79 66 

5. Daphnia levis, fem. ae ue 

6a, 4. “ cs if Embryo, outline of head. 
6 b, b’. “ a cs Young, s 

6c. fe ef ¢ Adult, . 

1 “ male. Antennule x 140. 

8. Ceriodaphnia cristata, fem. Head x 180. 

Os if i ‘«  Post-abdomen x 180. 


10. Bosmina cornuta, fem. Head, etc., x 150. 
11. Plevroxus straminius, fem. Post-abdomen xX 140. 


Uy, a insculptus, “ Details of marking. 
18. < hamatus, “ A nm 

14, ‘e te - First foot x 148. 

15. x acutirostris ‘“ x 185. 


16. Alona angulata, fem. x 185. 

Ip ‘“«  tuberculata, fem. > 185. 

18. ‘ male. Post-abdomen x 140. 
19. Chydorus sphericus, male. x 150. 
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LIST OF CRUSTACEA CLADOCERA FROM 
MADISON, WISCONSIN. 


By E. A. BIRGE. 


Read before the Wisconsin Academy of Sciences, Arts and Letters, 
December 30th, 1891. 


[Reprinted from volume VIII of the Transactions of the Academy. ] 


LIST OF CRUSTACEA CLADOCERA FROM. MADISON, 
WISCONSIN. 


By EK. A. BIRGH, 


Professor of Zoology, University of jWisconsin. 


In 1878 the writer published Notes on Cladocera in the fourth volume 
of the Transactions of this Academy,* in which were noted twenty-five 
species of Cladocera found at Madison. Returning to the subject with 
better means of collecting and a much larger command of the literature 
of the group, I have been able to enlarge greatly the number of species 
and to identify them more accurately. As the task of reviewing the 
greatly scattered literature, especially of the Lynceide, seems likely to 
occupy some time, it seems advisable to print a list of the species 
already found, with notes on rare or new forms. 

A glance at the subjoined list of sixty-four species and varieties 
regarded by many European writers as species, will show how close our 
fauna isto that of Europe. Out of the whole number, only nine are 
peculiar to this country and of these five are varieties of species found 
elsewhere, or are very close to foreign species. Three species are deter- 
mined as new, Latonopsis occidentalis from the Sididcee, Moina sp. nov. 
from the Daphnide, Alona lepida from the Lynceidee. 

With the exception of five species and varieties (Daphnia pulex, D. 
retrocurva, Alona tenuicaudis, and the species of Moina), all of the 
species in the list have been found in Lake Wingra. This is a small lake 
about one and three-fourths miles long and half as wide, with broad 
margins of marsh all around it. In the marsh the water is from a few 
inches to two feet deep between the areas of wild rice and reeds, and the 
bottom is partly composed of vegetable débris and partly covered by a 
dense growth of Chara. The lake itself hardly exceeds fifteen feet in 
depth, and almost the entire bottom is overgrown with water plants 
of various kinds. Among these weeds and in the marshes Cladocera 
abound. The abundance of food and variety of locality offered proba- 
bly account for the great number of species. In Lake Mendota, a 
much larger body of water, six miles by four, and having a depth 
of sixty to eighty feet, I have found only thirty-eight species of Clado- 


* Vol. IV, 1876-7 (printed 1878), pp. 77-110, PI. I, II. 
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cera. Doubtless more careful and prolonged collecting would disclose 
new species in both bodies of water, but the larger lake is certainly 
poorer in number of forms, especially the littoral species. The pelagic 
forms are, of course, more abundant in the larger lake, and one variety 
has been found in Lake Mendota which Lake Wingra does not possess. 
This single locality has yielded a number of species, comparing not 
unfavorably with the fauna described from England, Denmark or Russia. 
No European country shows more than 100 species; so that more than 


one-half of the probable fauna of Wisconsin has been found here. That: 
so large a fraction of the entire fauna should belong to one locality will ~ 


not appear strange when the similarity of the fauna to that of Kurope is 
considered. If the species of Cladocera have so wide a range as appears 
from Sar’s observations on Australian Cladocera, and from my work 
here, it is not probable that many species are strictly local. We should 


expect to find any given species over a large extent of country in suita- | 


ble localities. This expectation has been realized in many cases. As 
conspicuous instances I may note the occurrence of Drepanothrix 
dentata, Eurén, in Wisconsin, the finding of Dunhevedia setiger, Birge, 
in Hungary by Daday, and the occurrence of Ilyocryptus longiremis, 
Sars, in Wisconsin and in Australia. No doubt some species are strictly 
local, confined to a small area, or the product of life-conditions existing 
there and not elsewhere. But the chance that this is true in any given 
case is small, and all well marked species should be looked for in every 
suitable locality. We should expect also that a locality especially favor- 
able to the development of the Cladocera would contain a very large 
fraction of the fauna of the region. 

The subjoined list also shows the value of long and careful collecting 
in one locality, and the impossibility of justly estimating the Cladocera 
of a lake from a single visit. The different forms behave much like the 
plants of a locality. Some species are present throughout the season. 
Some can be found only for a few days. Some come in the spring and 
disappear early, while others belong to the latter part of the open season. 
Of the nearly sixty species found in Lake Wingra I have never found 
more than thirty as the result of a single day’s work. It is clear that a 
list of Cladocera compiled from a flying visit to a locality and containing 
from six to twenty species, has no claim to represent the fauna of that 
locality. Only careful collecting at intervals: throughout an entire sea- 
son can give even an approximate idea of the number of species 
present. 

I may add that a single specimen was found in Lake Wingra, belong- 
ing to the genus Anchistropus, Sars, and apparently not to the species 
emarginatus, Sars. It was accidentally destroyed before it could be 
carefully studied. 
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LIST OF CLADOCERA FOUND AT MADISON, WISCONSIN. 


Holopedium gibberum, Zad. | 34, 
Sida crystaliina, O. F. M. 35. 
Daphnella brachyura, Liév. 36. 
Daphnella brandtiana, Fisch. | 37. 


Latona setifera, O. F. M. 


Latonopsis occidentalis, spec. | 38. 

nov. 39. 
Moina brachiata, Jur. AQ, 
41, 
42. 
Simocephalus serrulatus, Koch. | 43, 
Ceriodaphnia megops, Sars. 44. 


; | 
Moina, spec. nov. 


Simocephalus vetulus, O. F. M. 


Ceriodaphnia reticulata, Jur. | 45. 


Ceriodaphnia pulchella, Sars. | 
Ceriodaphnia consors, Birge. 

Scapholeberis aurita, Fisch. 
Scapholeberis obtusa, Schdl. 


Scapholeberis mucronata, O.| 48, 
PM. 49, 


Daphnia puiex, De Geer. 


Daphnia Schoedleri, Sars. 50. 
Daphnia minnehaha, Herrick. | 51. 
Daphnia hyalina, Leydig. | 52. 
Daphnia kahlbergensis,Schoed- | 53. 

ler. 54. 


Daphnia kahlbergensis, var ced- 


erstroemii, Schdl. 55. 


Daphnia kahlbergensis, var. 


retrocurva, Forbes. 56. 
Lathonura rectirostris, O. F. M. | 57. 
Macrothrix rosea, Jur. 58. 
Macrothrix laticornis, Jur. 59. 


Drepanothria dentata, Eurén. | 60. 


Ophryoxus gracilis, Sars. 


Ilyocryptus sordidus, Liéven. ! 61, 


Ilyocryptus longiremis, Sars. 


Bosmina longirostris, O. F. M. | 62. 
Bosmina longicornis, Schoed- | 63. 
ler. 64, 


Bosmina cornuta, Jur. 

Bosmina bohemica, Hellich. (?) 

Eurycercus lamellatus, O. F. M. 

Leydigia quadrangularis, Ley- 
dig. 

Alona quadrangularis, O. F.M. 

Alona affinis, Leydig. 

Alona lineata, Fischer. 

Alona guttata, Sars. 

Alona costata, Sars. 

Alona tenuicaudis, Sars. 

Alona lepida, spec. nov. 

Graptoleberis testudinaria, 
Fischer. 

Dunhevedia (Crepidocercus) set- 
iger, Birge. 

Pleuroxus trigonellus, O. F. M. 

Pleuroxus denticulatus, Birge. 

Pleuroxus gracilis, Hudendorff, 
var. wnidens, Birge. 

Pleuroxus exiguus, Lill}. 

Pleuroxus excisus, Fischer. 

Pleuroxus procurvatus, Birge. 

Chydorus sphaericus, O. F. M. 

Chydorus sphaericus, var. caela- 
tus, Schdl. 

Chydorus sphaericus, var. punc- 
tatus, Hellich. 

Chydorus globosus, Baird. 

Alonopsis latissima, Kurz. 

Alonopsis media, Birge. 

Acroperus leucocephalus, Koch. 

Camptocercus macrurus, O. 
F. M. 

Camptocercus rectirostrits, 
Schdl. 

Camptocercus biserratus, Schdl. 

Polyphemus pediculus, De Geer. 

Leptodora hyalina, Lill). 
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NOTES ON THE PRECEDING LIST. 


Species 1. HoLopepiuM GIBBERUM, Zad. 

IT have found this species only once in Madison. It is quite abundant 
in collections from northern Minnesota, and Forbes* notes its occurence 
at Grand Traverse Bay, Lake Michigan. 


Species 2. SIDA CRYSTALLINA, O. FE’. Miller. 
No specimens were found belonging to the form S. elongata, DeGeer. 


Species 3 and 4. DAPHNELLA BRACHYURA, Liév.and D. BRANDTIANA Fisch. 

Of those closely allied forms I have only to say that both are found 
with us, and show exactly the same differences as described and figured 
by Sarsin his Norges Ferskvandskrebsdyr. D. brachyura is usually found in 
open water, and D. brandtiana in marshes. I cannot state this as a law, 
however, as both forms are found together sometimes, in either kind of 
locality. 


Species 5. LATONA SETIFERA, O. F. Miller. Plate XIII. Fig. 6. 

Our specimens of Latona have one peculiarity not mentioned by any 
European writer. There is a thick coat of short hairs on the head, body 
and antenne. These hairs are .02 mm. or less in length, are close set and 
give the outline a velvety appearance when seen by transmitted light. 
P. E. Miller, says: “ Hvad der er aldeles eiendommeligt for Latona og 
neppe jagttaget hos nogen anden Cladoceer, eret fint Lod af ganske korte 
Haar, der isaer findes over Matrix; det er vanskeligt at see og opdages 


kun ved staerkt Sidelys.” This exact account shows that his specimens ~ 


were not villous as ours are. The hairs are conspicuous in any light and 
are very easily seen. Noother Huropean writer mentions a similar struc- 
ture. A more extended study of specimens from different localities will 
show whether this is a local peculiarity or is characteristic of a distinct 
variety. On old females which have not moulted recently the hairs are 
worn off. 

The male antenna differs somewhat from the account given by Sars. 

The appendiz ciliata is much larger than Sars figures it, and is situ- 
ated at the same level as the sense-hairs instead of distal to them. 
The size, number and arrangement of the sete on the edge of the cara- 
pace differ from the details given by Sars, but not in any very important 
respect. 

Latona seems to be rare in Europe, but the apparent rarity is, as Sars 
says, probably due to its mode of life and the method of collecting. In 
late summer and early fall, one can be certain of obtaining a good num- 


* Forbes, S. A. On some Entomostraca of Lake Michigan and adjacent Waters, Am. 
Naturalist, vol. xvi., p. 641. Aug., 1882. 

+ Mitiller,yP. HE. Danmarks Cladocera, pp. 97-98.‘ 

+ Norges Ferskvandskrebsdyr, p. 55, Pl. III, figs. 17a, 17b. 
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ber at various localities near Madison. It lives in clear water among 
weeds, and a dredge which can be dragged through the weeds and not 
merely above them is needed in order to secure it. With the cone- 
dredge it is not difficult to obtain 20 to 100 specimens. The same may 
be said of such bottom forms as Ophryoxus and Drepanothria. 

Sars speaks feelingly of the difficulties which beset one who attempts 
to view this powerful and obstinate cladoceran from the side. If a life- 
box is used and a trace of 14 per cent. of solution of osmic acid in water 
is added to the water containing the animal, there will be little trouble 
in turning it on its side. After the poison begins to act, it is best to at- 
tempt turning the animal by rotating the cover of the life-box. If left 
to die undisturbed the antenne are usually expanded while an irrita- 
tion applied to it while alive causes it to fold the antennazw along its 
sides, when it can readily be turned into any position. 


Species 6. LATONOPSIS OCCIDENTALIS, sp. nov. Plate XIII. Figs. 1-5. 

In 1888 G. O. Sars* established the genus and species Latonopsis 
australis for a new form of the Sidide raised by him from mud obtained 
from Australia. I have found herea second and closely allied species of 
this new and remarkable genus, and have succeeded in finding males 
which did not developein Sars’ aquaria. 

Latonopsis, Sars, is closely alled to Latona, Sars, and may be charac- 
terized as follows: 


LATONOPSIS, Sars. 


Impression between head and thorax slight or wanting. Labrum 
devoid of plate-like expansion. Antennule with a long, plumose, straight 
or curved flagellum, articulated to the basal part. Antenna with simple 
rami, the superior ramus bi-articulate, the inferior tri-articulate, as in 
Daphnelia. Heart concave dorsally, truncate anteriorly, the aorta arising 
on the ventral side. Shell-gland with three long branches. Male (of 
L occidentalis, Birge, at least) with simple copulatory organ, and hook 
on first leg. Antennule long, slightly curved, armed with fine teeth re- 
sembling in general the antennale of Sida, but having a median projec- 
tion near the base. Color of both species yellowish-transparent. 


SPECIES. 


a. Fornices absent. Antennule shorter than anterior margin of 


head. L. australis, Sars. 
b. Fornices present. Antennule longer than anterior margin of 
head. L. occidentalis, sp. nov. 


*Sars, G.O. Additional notes on Australian Cladocera raised from Dried Mud. Chris- 
tiania 1888, pp. 6-15. Pl.I. Christiania Videnskabs Selskabs Forhandlinger 1888. No. 7. 
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DESCRIPTION OF FEMALE. 


Length up to 1.8 mm. but usually smaller. 


Measurements of average specimens. 2 3 4 
mm. mm. mm, 
Length - - - - 1.30 82 61 
Height - - - - 80 AQ 27 
Antennule - - - - 42 319) 28 
Abdominal setze - - R5\0) Al wok 
Longest spine on carapace - 1.05 — OO 


The head is in some cases marked off from the body by a slight depres- 

sion, not seen in young specimens, and often absent in older individuals. 
The anterior outline of the head as seen from the side forms a straight — 
or slightly convex line from the attachment of the antennules to the eye, , 
where it passes by an abrupt curve into the dorsal margin. This mar- 
gin is frequently continuous to the hinder end of the valves, and is 
nearly straight in young specimens but strongly convex in old females. 
Ventrally the anterior margin of the head terminates in a small pro- 
jection to which the antenuules are attached. The ventral margin is 
continued into the labrum, and is entirely devoid of the leaf-like expan- 
sion characteristic of Latona, Sars’ organum affixionis. Above the inser- 
tion of the antenne the valves are continued into small bilobed fornices, 
resembling those of Latona but much smaller, and not continued to the 
insertion of the antennules as are those of Latona. The head as seen 
from above is somewhat pyramidal in form. 

The carapace does not differ greatly from that of the Sidide in gen- 
eral. It leaves the oral structures uncovered in front; it is straight or 
convex dorsally according to the age of the animal; the ventral margin 
is evenly rounded and passes into the nearly straight posterior margin 
by a curve which forms no marked projection. The upper posteal angle 
is well marked. The edge of the carapace is fringed with long plumose 
setz, each set on a small elevation. Atthe lower posteal angle are placed 
three setz, much longer than the others. They are often longer than 
the carapace, and diverge from each other as they leave the shell, one 
passing nearly straight backward and the others more outward. These 
sete are longer in our species than in L. australis as figured by Sars. 
The valves are not marked except by the braces (Stiitzbalken). 

Along the inside of the hinder edge of the shell, from the insertion of 
the long setz to the junction of the valves, runs a row of fine’spines 
like those of Latona. 


APPENDAGES. 


The antennule consists of the basal part, the sense-hairs and the flagel- 
lum. The first is short, oblong, freely movable. The sense-hairs num- 
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ber about eight and are placed on the posterior side of the distal end of 
the base. The flagellum is attached to the base with a distinct suture. 
Sars calls it “ distinctly articulated” in L. australis. Whether he means 
that there is a movable joint he does not make clear. In L. occidentalis 
there is simply a distinct suture. The flagellum is long, curved back- 
ward, tapers to a fine point, and is fringed with long straggling sense- 
hairs. These are far less numerous than in Latona. Most of them are 
on the anterior side of the antennale but at the tip they are attached to 
all sides. In this arrangement of the hairs the structure differs from the 
antennule of L. australis as figured by Sars. The sense-hairs are also 
longer than he shows them and the whole antennule is about twice as 
long, relatively, as that of L. australis. 

The antenna closely resembles that of L. australis. The basal joint is 
exceedingly stout, so that the branches look too small for it. The dorsal 


5) vie th Wd 
sames is bi-, the ventral tri-articulate. The setx are a a 
and the spines ee The basal joint bears the usual dorsal sense 


organ at the base, and at the distal end are a spine anteriorly and a 
plumose sense-hair behind. The proximal joint of the dorsal ramus 
bears’ four well developed seta, and sometimes a fifth, proximal, seta 
which is much smaller than the others. Its presence or absence seems 
to depend on no law, as it is either present or absent in specimens of all 
ages and both sexes and may be present on one side and absent on the 
other side of the same individual. All sete are two jointed and densely 
plumose. 

The proportionate length of individual setz differs in my specimens 
from L. australis as figured by Sars. The terminal setze of the dorsal 
ramusare little longer than the others in L. occidentalis. The setaof the 
second joint of the ventral ramus is as long as the largest on the distal’ 
joint and each is quite twice as long as any other seta on the branch. 

The post-abdomen closely resembles that of L. australis. It is short, 
fleshy, obtusely conical, and armed with nine very small super-anal den- 
ticles. The abdominal setz are two-jointed, plumose, each set on a 
fleshy projection. They area little longer than those of L. australis. 


_ The terminal claws are strongly curved, and have two secondary teeth, of 


which the distal is the longer. 

The mouth parts and legs seem to resemble closely those of the other 
Sidide. No careful study of the legs, has, however, been made. They 
number six pairs, as in other Sidide. 


INTERNAL ORGANS. 


In the structure of the internal organs L. occidentalis agrees closely 
with L. australis, and I can add little to Sars’ account. The general ar- 


rangement of the organs of the head may been seen in the figures. 
25—A. & L, 
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The heart as seen from the side, shows a tube convex below and con- — 


cave above. It is truncated anteriorly, and the aorta issues from its 


ventral side. From above the heart closely resembles that of Latona, — 
having the form of a broad sac, rounded behind, and widest throughthe 


venous ostia. 

The shell-gland has a form in this genus, which is unique among the 
Cladocera. It consists of three branches, of which the shortest is dor- 
sal and extends toward the heart, the next in length is ventral, while the 
longest extends posteriorly and may reach through two-thirds of the 
length of the valve. This last loop is found only in Latonopsis. The 
whole gland consists of a tube doubled on itself, whose course can easily 
be traced,. Beginning near the mandible in a bladder-like expansion the 
tube passes into the valve and extends ventrally; it returns on itself to 
the middle point, then passes backward in a long loop, returns again to 


extend up toward the heart and come back to the middle. Then comes 


a second posterior loop, lying parallel to and within the first, and on its 


return the tube passes to its outlet near the mandible. Thus there are 


two passages in the dorsal and ventral loops and four in the posterior, 
not three as stated by Sars (op. cit. p.9.). Sars’ figure (Pl. I, Fig 1.) shows 
the organ quite correctly. 


DESCRIPTION OF MALE. 


The male resembles in general the young female. 


The antennules are long and stout, being often hearly half aslong asthe 


animal. They taper toward the apex, are curved, but not geniculate. They 
are provided with along row of very fine teeth extending from a point near 
the sense-hairs to theapex. They thus resemble in general the antennule 
of the male Sida and Daphnella and differ widely from the male Latona. 
Near the base of the antennule on the inner side is a stout projection, 
rounded at the apex and covered with very fine hairs. This projection 
is probably equivalent to the “appendix ciliata” of the male Latona.* 
In Latona, Sars shows the appendix ciliata some way distal from the 
olfactory hairs, while in Latonopsis, it is some way proximad to these. 
My specimens of Latona, however, show the appendix close the to sense- 
hairs; so that the difference of position does not interfere with homol- 
ogy. The cilia on the appendix of Latonopsis are very fine and easily 
overlooked; they are far less conspicuous than in Latona. 

The copulatory organs resemble those of Latona. They area pair of 
long, curved, flexible appendages, perforated by the. vasa deferentia. 
They arise at the base of the post-abdomen and are long enough to reach 
beyond the terminal claws. 


The first leg shows a very distinct and strong hook. In this structure 


Latonopsis differs from the other Sidide and especially from Latona. 


*Sars,3G. O. Norges Ferskvandskrebsdyr. : Cladocera Ctenopoda, p.55. Pl. Il, Fig: 17. ~ 
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Sida, Limnosida and Daphnella have short, fleshy knobs rather than 


hooks, and Latona is devoid of any special structure. Holopedium has 


_ ahook similar to that of Latonopsis but much longer, as is natural in 


that genus. 

The new hatched male has the copulatory organ in the form of a pair 
of smail buds, which do not reach the adult form until after four or five 
moultings. The antennule of the young male differs widely from the 


adult form. It is short, lacks the appendix ciliata, and shows a distinct 


suture between base and flagellum. The latter is covered with long stragg- 
ling hairs. The whole structure closely resembles the female anten- 
hule. It is clear that the extension of the male antennule beyond the 
sense-hairs in the homologue of the flagellum of the female. 


RELATIONS OF THE GENUS. 


Sars was entirely justified in separating Latonopsis from Latona. While 
the structure of the two genera is quite similar in the female, the male 
differs widely from that of Latona. The antenna is more like that of 
Daphnella than that of any other genus, especially in the rami, while the 
great development of the base is like that of Latona. The antennule is 
peculiar and shows an intermediate stage between that of Latona and 
Daphnella, though nearer the former. In the male, however, the anten- 
nule is more like that of Sida than that of Latona. In the form of the 
body, the outline of the head, in the fornices, the position of the eye, 
eye-muscles and optic ganglion; in the heart; in the shape of the cara- 
pace, and the development of the setz of the carapace, it approaches 
Latona. It lacks entirely the peculiar development of the antenna seen 
in Latona and ‘the plate on the lower side of the head; while Latona 
lacks the development of the shell-gland, which Latonopsis shows. In 
most of the points of resemblance and difference between the two 
genera, Latonopsis is nearer the ordinary form of the Sidide, and it 
may be considered as connecting Latona with the other Sidide, but 
with many cross-relations to other genera. 


RELATIONS OF THE TWO SPECIES. 


L. occidentalis is very close to L. australis. Indeed, I am not sure but 
that they are really the same species. There are many points of minor 
difference, but the most tangible is the antennule, which is about twice 
as long in the American form. It must not be forgotten, however, that 
Sars’ specimens were hatched from mud, and it may be possible that 
specimens collected in their native waters will agree more closely with 
the American species. If the difference is constant, L. australis is nearer 
the ordinary type of the Sidide@ in the structure of the antennule. 


% 
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BIOLOGICAL REMARKS. 


Latonopsis occidentalis was found in Lake Wingra, a small lake about 


one and three-fourths miles long with a broad margin of marsh. It 
lives chiefly in the marshy region although I have found it in deeper 
water—one to three meters. It is most abundant in openings among 
the reeds of the marsh, where there is a foot or so of water filled with 
ales and vegetable débris. In one such spot it was especially abundant 
during the summer of 1891. A single haul of the dredge would give 


from six to thirty individuals. I have dredged it with Latona in the 


open water, while I have never found Latona in the marsh. Sars’ speci- 
mens came ‘from a clayey mud. I have never found this species in 
muddy water. 

In the aquarium it behaves quite like Latona. It often remains sus- 


pended and motionless in the water, and can often be turned over with — 


the dropping tube without disturbing it. When, however, it decides to 
move it starts very suddenly. Its movements are less vigorous than 
those of Latona, as would be inferred from the different structure of 


the antenne. 


I have never seen more than eight young in the brood cavity. There 
are two sexual eggs, for whose reception a special cavity is enclosed, 
although there is no true ephippium. 

The males appear in the latter part of July and the first part of 
August, and in September no specimens of either sex could be found, 
while Latona was more plentiful at this time than earlier in the season. 
Constant observation at any small lake will convince the student that 
the appearance of the males does not depend on temperature or any 
other simple cause. Each species has its own time for sexual reproduc- 


tion, which is related to external influences in the same complex way 


as is the flowering of plants. 


Species 8. MOoINA, spec. nov. 

A species of Moina, apparently new, has been found, but it is not as 
yet thoroughly worked up and will probably form the subject of a spec- 
ialpaper. It seems related to M. brachiata, Jur. and was at first identi- 
fied with this species. Further study, however, showed that there was. 
only one egg in the ephippium and that the structure in other particu- 
lars differ from M. brachiata. The male especially shows peculiarities. 
not found in other species. 


Species 21. DapPHNIA HYALINA, Leydig. Plate XIII. Fig. 9. 


Into this species have been united D. galeata, Sars, D. pellucida, P. 


HK. Miller and D. gracilis, Hellich. Two well marked varieties are found 
at Madison. One with pointed crest is found in Lake Wingra, and the 
other whose crest is rounded is found in the larger lakes. Although the 
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lakes are only a mile apart, I have not found the pointed variety in 
Mendota or the rounded in Wingra. The outlines of the head are very 
variable, the variations quite closely resembling those ‘represented in 
D. berolinensis, apicata, and cucullata, although of course this species has 
the macula nigra. 

The males appear in the latter part of September. The flagellum of 
the antennule is convex, stout and short, usually little longer than the 
sense-hairs. The anterior sense-bristle in our specimens lies little nearer 
the end of the basal portion of the antennule than the head. In this our 
specimens differ from Eylmann’s* description, who says of it, that it is 
“von der Endborste nicht weit entfernt.” 

This species is the most abundant in the open waters of the Madison 
Jakes. I have also obtained it from Minnesota and Michigan, showing 
some variation from our form in each case. 


Species 24. D. KAHLBERGENSIS var. RETROCURVA, Forbes. Plate XIII. 
Figs. 7, 8. 

This form was first described by Forbes * as a distinct species. Itis the 
most extreme Daphnid form yet observed. I cannot agree in the state- 
ment of Forbes that the large helmeted forms predominate in the smal- 
Jer lakes (1. c. p. 643.)- At Madison the forms of D. hyalina and of D. 
retrocurva in Lake Mendota are much more helmeted than those in Lake 
Wingra. The former lake is about six miles by four, the latter 
1% by % mile. D. hyalina in the smaller lake is more like D. apicata, 
while in Mendota the crest is more developed than is shown by any 
Huropean descriptions. D.kahibergensis from Wingra shows the forms 
typical of that species and of cederstroemii while the full development 
of the crest only comes in the larger lake. The males of this species ap- 
pear late in the fall, in the latter part of October and in November. 
The head is of the kahlbergensis type, sometimes curved up but never 
showing the extreme development of the female. The antennule has a 
flagellum a good deal longer than the sense-hairs, curved at the tip and 
distinctly articulated to the basal part. 

- Our specimens do not show the extreme development of the head be- 
fore birth noted by Forbes (1. c., p. 642). The head in the young is not as 
much crested as in the adult D. hyalina. This species is always found 
in company with D. hyalina and is far less numerous. On calm summer 
nights the water of Lake Mendota swarms with these two species, to- 
gether with a Cyclops, a Diaptomus, and Leptodora hyalina. They are 
not abundant close to shore and seem to spend the day in swarms at the 


*Eylmann, EH. Beitrag zur Systematik der Europadischen Daphniden, Freiburg i. B. 1886, 
p. 33. : 
*Horbes, S. A. Entomostraca of Lake Michigan and adjacent waters. American Natur- 
alist. Vol. xvi., p. 642, August, 1882. 
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bottom where the vegetation consists mainly of diatoms, outside of the — 
growth of weeds. The number of the Cladocera is simply incalculable. 
I do not think that any shallow water is more filled with crustacean life — 
than are the open waters of our lakes. Dredging does not give a fair 
idea of the number of open water individuals. Only surface collecting 
at night will disclose them. 


Species 26. MAcROTHRIX ROSEA, Jurine. Plate XII. Figs. 13, 14. 

I have succeeded in finding several specimens of the male of this 
species and have materially increased the accuracy of my knowledge of 
its structure. I found a single male in 1877 which was described in the 


Transactions of the Wisconsin Academy, Vol. IV. p. 90. Since that time 


the male has been seen by Daday,* who gives a figure which, however, 
is so small and shows so little detail that it does not add much to our 
knowledge. 

The male antennules are long and curved, provided with a long an- 
terior sense-hair at the base. They are curved toward the median plane 
of the body at the tip and bear the olfactory hairs on a small elevation 
on the anterior side. On the posterior side of the apex is a cluster of 
5-6 long diverging sense-hairs. Daday shows these in his figure, but 
does not mention them in the text. In the possession of this extra 
sense organ, the male M. rosea differs from all other male Cladocera 
known, including the closely allied Macrothrix laticornis. These sense- 
hairs were not seen by me in my earlier specimen. 

The post abdomen is prolonged into a flexible projection, on whose — 
summit the vas deferens opens, just before the very small terminal ~ 
claws. The whole structure thus resembles that of the male Bosmina. 


Species 27. MAcROTHRIX LATICORNIS, Jurine. 

This form, which is usually given as the commonest of Kuropean spec- 
ies Seems very rare here. I have met with not more than a dozen speci- 
mens in a Sseason’s collecting, while VM. rosea is very abundant in marshes. 
It is at times the predominant cladoceran, while VW. laticornis has never 
appeared except in single specimens. 


Species 28. DREPANOTHRIX DENTATA, Hurén. Plate XIII. Figs. 15-17. 
1861. Acantholeberis dentata, Hurén, Om markliga Crustaceer af or- 
dningen Cladocera, funnai Dalarne. Ofvers, af K. Vet.-akad. 
Férh. 1861, p. 118. Description of female. Tafl. IM, fig. 2. 
Female. ; 
1862. Drepanothrix sentigera, Sars,G.O. Om de i Omegnen af Chris- 
tiania jagttagne Crustacea cladocera. Forh. Vid.-Selskab, i 
Christiania, 1862, p. 156. Description of male and female. 
1862. Drepanothrix hamata, Sars., Do. p. 300. Mention only. 


*Daday, E, Crustacea Cladocera Faunae Hungarice,"p. 106, Pl. Il, fig. 48. 
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1867. Drepanothrix hamata, Norman and Brady. Monograph of the 
British Entomostraca belonging to the families Bosminidae, 
Macrothricidae and Lynceidae. Nat. Hist. Trans. Northum- 
berland and Durham, 1867, p. 12, description of female. 
pl. XXII, figs. 5 female, 6, antennule, 7 post-abdomen. 

1867. Drepanothrix dentata, P. E. Mueller. Danmarks Cladocera, p. 
138. Description of female. PI. II, fig. 13, antennule. 

1884. Drepanothrix dentata, Herrick, C. L. Geol. and Nat. Hist. Sur- 
vey, Minnesota. 12th Report, 1884, p. 73. Description from 
P.E. Mueller. Plate C, fig. 14,antennule, from P. KE. Mueller. 
In the description of the genus the word “not” should be 
erased in the first sentence, ‘The head not separated from 
the valves by a depression.” 

1888. Drepanothria dentata, Richard, J.’ Recherches sur la Faune des 
Eaux du Plateau Central. Clermont, 1888. Mention only. 
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The references given above show that this rare species occurs in Den- 
mark, Scandinavia, Great Britain and France. I have found it here in 
both sexes and in considerable numbers. Sars’ description is accurate, 
as is that of Norman and Brady. The vas deferens opens in front of 
the terminal claws without any prolongation of the base into a penis. 

D. dentata is found in Lake Wingra at a depth of from 5-10 feet. Itis 
most abundant in a particular zone of depth in that lake where the 
weeds of the marshy margin cease and those of the deeper water have not 
come in abundantly. Here is a stretch of bottom a few yards in width 
composed chiefly of broken up snail shells and vegetable debris and with 
a few Charae as the chief living plants. In this zone I have found this 
cladoceran quite common. It is not confined to it, however, but is met 
with both inside and outside of this limit. In the marsh proper, how- 
ever, I have never found it. It is a bottom-haunting form and is there- 
_ fore difficult to obtain in large numbers. 

Under some conditions it is markedly repelled by light. If a por- 
tion of the bottom with this and other Cladocera is placed with water 
in a watch glass and the whole exposed to strong light as from a lamp, 
Drepanothrix will at once hurry to the side remote from the source of 
light. While Chydorus, Pleuroxus, Daphnia and most other forms 
present will congregate on the side toward the light, Drepanothrix hastens 
away from it in an awkward scramble. The sabre-like setae from which 
its name is derived are its chief organ of locomotion. These it uses much 
as a boy uses a pair of sticks to propel his sled over the ice. It can swim 
fairly well in the open water, but is hampered by the weight and stiffness 
of these setx. 
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Species 29. OPHRYOXUS GRACILIS, Sars. Plate XIII. Figs. 10-12. 


1862. Ophryoxus gracilis Sars,G.O. Oversigt af de i Omegnen af 


Christiania jagttagne Crustacea cladocera, p. 158. Deserip- 
tion of male and female. 


(?) 1875. Ophryoxus paradoxurus, Hudendorff,A. Beitrag zur Kennt-— 


niss der Siisswasser-Cladoceren Russlands, p. 43. Deserip- 
tion of female. Tab. II., fig. 1,a.b. This species, founded 
on a single specimen, very possibly belongs here. 


1882. Lyncodaphnia macrothroides, Herrick,C.L. American Natural- 


ist, Vol. XVI, p. 1006. Description of female. Plate XVI 

figs. 1, female, 2, antennae, 3, post-abdomen, 4, antennule. 
1884. Lyncodaphnia macrothroides, Herrick, C. L. Geol. and Nat. 

Hist. Survey of Minnesota, 12th Annual Report, 1884, p. 74. 


Description of female. Pl. B, fig. 12, yg.; 13,labrum; 14,anten- | 


nule; 15, last foot. Pl. B, 1, figs. 1,female; 2, post-abdomen; 
3, antennule. 


Ophryoxus is quite abundant in Lake Wingra, occurring through the 
the entire summer in openings in the marsh. It ig nowhere rare, and 
never very plentiful. It seems to have the habit of a Daphnia, 
swimming feebly about in the open waters, rather than clinging to 
weeds. I give figures of the head, first leg,and the post-abdomen of the 
male, which have never been illustrated. 

The statement that the young havea long spine, (Sars), or that the 
young differ in form from the adult (Herrick), need qualification. The 
form never differs greatly from that of the adult, and there is never any 
difficulty in recognizing it as the young of Ophryoxus. Indeed, the pres- 
ence of the spine is the only important difference between the young and 
old. This spine is not long according to the standard of the genus 
Daphnia as it rarely measures more than 44 of the length of the animal. 
It is possessed by the male as well as by the young female. In the adult 
female it is reduced to a sharp prominence, like that seen in many 
species of Ceriodaphnia. 


Species 31. ILyocRyYPTUS LONGIREMIS, Sars. Plate XIII, fig. 18. 


1888. JI. longiremis, Sars. Additional notes on Australian Cladocera, 


Christ. Vid.-Selskabs Forhand. 1888, No. 7, p. 33-41. De- 
scription of maleand female. PI. iv. figs. 1, female; 2, female 
from below; 3, spines from edge of shell; 4, female post- 
abdomen; 5, male. : 

Tam unable to distinguish our specimens from those raised by Sars 
out of mud from Australia. The antennary sete, from whose length the 
name is derived, are evén longer in our species than in Sars’ figures, 
nearly equalling the total length of the animal. There are 5-7 super- 
anal teeth, largest in the middle, an outer row of about eight long post- 
anal spines and an inner row of 11-12 post-anal denticles besides several 
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very small teeth near the terminal claw. There are 3-4 denticles on each 
side of the anus. This armature of the post-abdomen distinguishes the 
species at once from Ilyocryptus sordidus and I. acutifrons, while the 
antennary setz distinguish it from I. agilis. The fact that moulting is 
imperfect also serves to distinguish it from the latter species. 

This is the common form of Ilyocryptus here, and is very abundant in 
shallow water and marshy localities throughout the summer and until 
after the formation of ice in the winter. |The failure of food consequent 
on long continued cold seems the only thing which checks their multi- 
plication. Whether I. spinifer, Herrick (op. cit., p. 77), is identical with 
this species can not be decided as none of the specific characters are 
mentioned or figured. 


Species 37. LeEYDIGIA QUADRANGULARIS, Leyd. 

The shell-markings in my specimens are far more distinct than those 
described by Huropean authors. Otherwise the species agrees entirely 
with the descriptions. 


Species 40. ALONA LINEATA, Fischer. 
If, following Matile’s* advice, the specific name lineata is abandoned, 
my form would be A. pulchra, Hellich. 


Species 44. ALONA LEPIDA, sp.nov. Plate XIII. Fig. 19. 
Length, .8 mm. Length of. male, .6 mm. 
Height, .45-50 mm. Height of male, .3 mm. 
Length post-abdomen, .40 mm. 


General shape conforms to the normal Alona type. Head depressed, 
rostrum sub-acute, nearly reaching the level of the ventral margin of the 
shell. Valves quadrangular, dorsal margin arched, superior posteal 
angle obtuse, well-marked. Posterior margin oblique, bearing a row of 
minute spinules. Inferior posteal angle rounded, very slightly emargi- 
nate. Ventral margin beset with a row of plumose sete, of ordinary 
jength, which ends abruptly at the posteal angle. Valves marked by 
close-set, conspicuous, longitudinal striz, alternately stronger and 
weaker, occasionally anastomosing, running parallel to the dorsal and 
ventral margins and converging into a reticulated area at the anterior 
inferior portion of the valves. Between the striz lie the braces. % 

Antennule extends nearly to end of rostrum: is spindle-shaped, largest 
near base, provided with an anterior sense-bristle and 6-8 subequal 
sense-hairs. Antennary setz 29°. The terminal sete are of unequal 
length. All are plumose and without spines. The eighth setz is of 
moderate size, bi-articulateand plumose. Spines of antennae,124. On the 
middle joint of the inner branch is a circlet of small spines. Ventral 
margin of labrum often notched just anterior to the posterior angle, 


* Matile, P. Die Cladoceren der Umgegend von Moskau, 1890, p. 46. 
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which is sharp. Eye moderate in size, showing four or fewer lenses. — ey 
Macula nigra about as large as eye, angular, and somewhat nearer to eye nee 
than to apex of rostrum. pees 2 
Post-abdomen enlarged posteriorly, lower angle rounded, bearing 15-17 
serrate post-anal denticles and about the same number of squamae. Ter- 
minal claws smooth. Basal spine rather large. Abdominal setz of ordi- 
nary length. me 
MALE. 


Antennule cylindrical, with anterior sense-bristle and flagellum. Post- Wat 
abdomen devoid of denticles and with a row of squamae. Vas deferens 
opens in front of terminal claw. Basal spine large. pass. 

Color yellowish to bright yellow, fairly transparent. Lake Mendota, 
in deeper water, 15-20 feet. i 

This species is evidently related to A. elegans, Kurz* from which it 
differs in its greater size, in the reticulation of part of the shell,and ~~ 
in the size, shape and armature of the post-abdomen. The post-abdomenm ~ et é 
of A. lepida resembles in general that of A. quadrangularis, O. F. M. ks 
The species lives at the bottom in rather deep water—15-20 or more a 
feet —and is much more abundant in Lake Mendota Wem elsewhere im = 
the vicinity of Madison. A ch 8: 


Species 45. GRAPTOLEBERIS TESTUDINARIA, Fischer. 

My species G. inermis,f is a variety of this species. The spine on the 
terminal claw is sometimes, though rarely, present, and the other char- 
acters adduced for G. inermis fall within the range of variation of Hu- 
ropean forms. | 


Species 46. DUNHEVEDIA (CREPIDOCERCUS) SETIGER, Birge. Plate XIII. 

Fig. 20. 

In 1888, G. O. Sars{ raised from dried mud and redescribed Dunhevedia —_ 
crassa of King, From his description and figures it is plain that my 
genus Crepidocercus is identical with King’s Dunhevedia, which was estab- 
lished in 1853. The genus was named by King from Dunheved, the 
place where the animal was found. My species differs from D. crassa, 
King, in the reticulation of the shell and, apparently, from D. podagra, 
King, in general form. I have not been able to see King’s original pa- 
per. D. setiger has been found in Hungary by Daday.§ 

In the latter part of August I found the males of this species. D. setiger 
has always been one of the rarest species of Cladocera here. It was 
rarely collected at all, and if present ina dredging was found in only 


*Kurz, W. Dodekas neuer Cladoceren. Sitzb. der K. Akad. der Wissensch. Wien; 
1874. Separate reprint, p. 43. Description of female, Tab. II, fig. 1, female. * 

+ Transactions Wis. Acad. Sci., vol. iv, p. 102, pl. I, fig. 17. 

¢ Additional notes on Aust. Cladocera, 1888, p. 41, Pl. 5, figs. 1-4. 

§Daday, E. Crustacea Cladocera Faunee Hungaricae, p. 98, Pl. I, fig. 47-48. 
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‘one or two specimens. At the time named I found in Lake Wingra, in 
water filled with Millefoliwm, immense numbers of the species in both 
~gexes. Thousands were collected in a single haul of the cone-dredge. 
After about a week they disappeared and repeated efforts to find them 
in the same locality failed. Doubtless the winter eggs had been laid and 
both sexes were dead. It will be interesting to observe at what date the 
species will appear in 1892. 

- The male measures about .36 mm in length and .24mm in height. It 
has the same general form as the female. The first foot has a stout 
hook. The post-abdomen resembles that of the female, and is provided 
with numerous scattered hairs. The vas deferens opens above the ter- 
minal claws. The terminal claws are smooth in both sexes, differing 
from D. crassa in which they are denticulate. 


Species 47. PLEUROXUS TRIGONELLUS, O. F. Mueller. 
‘This species is by no means abundant here, and is usually found in 
deep water, down to 12-15 feet. 


Species 48. PLEUROXUS DENTICULATUS, Birge. Plate XIII. Fig. 21. 

This is the ordinary Pleuroxus here. It corresponds to P. aduncus, Jur. 
in Hurope. I give a figure of the male post-abdomen. 

Herrick remarks on the similarity of this species to P. procurvatus, 
and suggests that the two names may really belong to varieties of the 
same species. I have looked carefully for connecting forms but have 
been unable to find then. 


Species 49. PLHEUROXUS GRACILIS, Hudendorff, var. UNIDENS, Birge. 

I was not acquainted with Hudendorff’s paper when I wrote my de- 
scription of this species in 1877. Matile* notes the resemblance of the 
two forms and correctly points out that the chief difference lies in the 
overhanging projection of the upper posteal angle in P. unidens. AsI 
find this difference constant and as there are other less important differ- 
ences, I retain my name as characterizing a variety. Both Hudendorff 
and Matile note the species as rare. I did the same in my former paper, 
having then found only about 15 specimens. By the use of the cone- 
dredge I have found it quite abundant in Lake Wingra in late summer 
and autumn. There is no difficulty in getting 25 to 100 specimens from 
one haul of the dredge. 


Species 60-62. CAMPTOCERCUS. 

Three species of Camptocercus are found in Wisconsin. C.macrurus, 
O. F’. M. has been formed in only a few specimens. 

Iam doubtful whether Schoedler’s two species C. biserratus and C. 
rectirostris are really distinct. I find forms agreeing with both descriptions 


* Die Cladoceren der Umg. von Moskau, 1890, p. 37. 
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in general, and include both names. In no case have I found the head- 
directed so horizontally forward as in Schoedler’s figures of CO. rectiro- 
stris.* Nor are the postealteeth so large. Our form more nearly resem- 
bles that figured by Matile.t In the other form, the head is more depres- 
sed, the macula nigra larger than the eye, and the ventral margin of the 
valves is concave. I have found no specimens connecting the two forms 
and have therefore identified them as above. 

In both species I have found individuals in which the beak was trun- . 
cate, resembling that part in C. Lilljeborgii, Schdl., as figured by Hellich,t 4 
or C. latirostris, Kurz.§ The sheli markings differ from those figured by : 
any author. If a cast shell is examined -without cover glass and not . 
covered by water, a reticulated area is seen in the anterior part of the 
valves just below the middle. From this radiate most of the strie. 
These are in front parallel to the anterior edge of the shell and the 
direction gradually changes until they are parallel to the ventral edge. 
Sixteen or more striae run out on the ventral edge of the shell. The long- 
itudinal strie anastomose occasionally and those on the dorsal part of 
the valves do not bend downward into the reticulated area. I havenever 
found specimens reticulated all over with quadrangular meshes as Hel- 
lich (1. ¢., pp. 76-77) figures them. 


Species 63. PoLYPHEMUS PEDICULUS, De Geer. 

This species I have found very rarely. Only two or three specimens 
have been discovered at long intervals. Zacharias] notes that this ani- 
mal is distinctly northern in its range. My observations confirm his 
conclusion. I find it quite abundant in a small collection from northern 
Minnesota. Herrick also describes it as plentiful in Minnesota. As I 
have often searched vainly for it here, I believe that this locality must 
be close to the southern limit ofits range. The same is probably true of 
Holopedium gibberum, Zad. 


Species 64. LepTropoRA HYALINA, Lillj. 

I quote this species by its old name, without passing on the correct- 
ness of the change to L. Kindtii, Focke. Focke’s paper is inaccessible to 
me. Leptodora is very abundant in all our lakes, It grows to a large 
size and specimens 18-21 mm. in length are not rare. 


*Schoedler. J. HE. Neue Beitrage zur Naturgeschichte der Cladoceren, 1853. Pl. ITI, fig 50. 

+ Matile, P. Die Cladoceren der Umgegend von Moskau. 1890. Pl. IV, fig.26. 

{ Hellich, B. Die Cladoceren Boehmens, 1877, p. 77, fig. 37. 

§Kurz, W. Dodekas neuer Cladoceren, 1874, Pl. Il, fig. 9. 

| Zacharias, O. Die Fauna des grossen und kleinen Teiches in Riesengebirge, Zeit. Wiss. — 
Zool. Vol. XLI., p. 492. 
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THE CONE-DREDGE. 


The dredge which I have used for collecting seems worthy of special 
description. It consists of four parts: the body, the cone, the net, and 
the screw-top. The body isa cylinder of stout tin, strengthened by a 
wire at each end, four inches long, and four inches in diameter. On 
top of this is placed a cone of brass netting, five inches high. This is 
attached below to a circle of tin so that it fits into the top of the body 
like the cover of atin pail. The bail of the body is of stout brass wire; 
the ends passed through the side of the body and enlarged, and. the 
loop of wire shaped so as to fit within the cone and project through a 
hole in its top with an eye into which the dredge-line can be fastened. 
To the end of the line is attached a snap-hook larger than the hole in 
the top of the cone, so that the cone can not come off the body when 
in use. There are two cones provided for my dredge, one of one-tenth 
inch mesh, and the other of one-twentieth inch. 

The 3, inch mesh is coarse enough unless it is desired to secure very 
large forms. For ordinary shallow water collecting it is the best size. 
The cone can easily be removed for work at night in the open water. 

The net is. of fine cheese cloth, eighteen to twenty-two inches long, 
conical, large enough at the base to slip over the dredge body, to which 
it is tied. It is faced with stout muslin for a distance of two or three 
inches at each end. At the smaller end it is small enough to fit the 
screw-top, a tin cylinder one inch in diameter and one and one-quarter 
- inches in length, with a wire in one end and on the other a zinc 
screw-top, such as are used on kerosene cans, 

The seam along one side of the net is so made as to leave a sort of a 
loop in the cloth, through which a string can be run. One end of this 
string is tied about the dredge body; to the other end can be attached 
a weight, when desired, without having the pull of the weight come on 
the net. 

This dredge is very useful for collecting small animals in shallow or 
weedy water. It can easily be thrown from the shore to a distance of 50 
feet or more, thus permitting much more extensive collecting from 
shore than does the ordinary hand net. It can be drawn through weeds 
‘and over muddy bottoms, straining large amounts of water without 
becoming filled with mud or clogged with weed. If it is desired to col- 
lect from water close to the bottom without obtaining mud, a weight 
fastened to the end of the cord spoken of, so as to drag behind the 
dredge will cause the dredge to lift at each pull and so exclude most of 
the mud, except in very deep water. If a band of cloth is fastened 
about the base of the cone, leaving only the upper part free it will ad- 
mit the water just above the bottom without scraping up mud. An old 
rake or other irregular piece of iron fastened to the dredge-line in front 
of the dredge will stir up the bottom and thus samples of bottom ani- 
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mals can be gathered from a long distance, before the dredge fills. The 
cone not only excludes weeds but also keeps out insects, larve, large 
Gammari, etc., which so abound in localities favorable for Cladocera, and — 
whose size and activity made it difficult to distinguish the smaller crus- 
tacea in the collector’s jar. The fact that this dredge can be pulled 
through weeds and strain a large quantity of water without obtaining 
a large amount of vegetable debris makes it very valuable in obtaining 
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the rarer Cladocera. 

The dredge is emptied by unscrewing the screw-cap and washing out the 
contents of the bag into a tumbler or small jar of water. In collecting 
near home this is brought to the laboratory for study. When it is de-- 
sired to preserve collections for future study, the water is allowed to 
stand and settle for a short time and then the clear water containing the 
animals and free from mud is poured through a funnel into a small bag 
of cheese-cloth which is tied and put into alcohol or other preserving 
fluid. 

With this dredge itis not at all difficult to collect 20-30 species of 
Cladocera from one locality and in a few hauls. In a collection thus 
gathered from the shore on a flying trip to some small lakelets at Man- 
istee, Mich., I found twenty-six species of littoral Cladocera. Zacharias* 
in a Summer’s campaign in North German lakes found only twenty-three 
species from the shore waters. 


PLATE XITI. 
Fig. 1. Latonopsis occidentalis, Birge. Head of male, enlarged 60 diameters. 
Fig. 2. - sf Head of young female, enlarged 50 diameters. 
Fig. 3. re sf Post-abdomen of male, enlarged 75 diameters. 
The spines of the carapace are omitted. ; 
Fig. 4. se pe Antennule of new-hatched male, enlarged 200 
diameters. 
Rig 5: ne sf First leg of male, enlarged 175 diameters. 


Fig. 6. Latona setifera, O. F. M. Male antennule to show position of appendix cili- 
ata (a). Enlarged 200 diameters. 
Fig. 7. Daphnia retrocurva, Forbes. Male antennule, enlarged 200 diameters. 


Fig. 8. 7 2 Female, enlarged 30 diameters. 

Fig. 9. os hyalina, Leyd. Male antennule, enlarged 200 diameters. 

Fig. 10. Ophryoxus gracilis, Sars. Head of male, enlarged 65 diameters. < 
Fig. 11. re ct Post-abdomen of male, enlarged 160 diameters. 

Fig. 12. a Part of first leg of male, enlarged 200 diameters. 

Fig. 18. Macrothrix rosea, Jur. Antennule of male, enlarged 240 diameters. 

Fig. 14. te f Post-abdomen of male, enlarged 240 diameters. 

Fig. 15. Drepanothrix dentata, Eur. Post-abdomen of male, enlarged 175 diameters. 

Fig. 16, . 3 Female, enlarged 65 diameters. 

Fig. 17. e wv First leg of male, enlarged 300 diameters. 


Fig. 18. Ilyocryptus longiremis, Sars. Male, enlarged 100 diameters. The spines of the 
carapace are omitted where they would cross 
the post-abdomen. 

Fig. 19. Alona lepida, Birge. Cast shell to show markings, enlarged 60 diameters. 

Fig. 20. Dunhevedia setiger, Birge. Male, enlarged 115 diameters. 
Fig. 21. Plewroxus denticulatus, Birge. Post-abdomen of male, enlarged 165 diameters. 


* Zacharias, O. Zur Kenntniss der pelagischen und littoralen Fauna Norddeutschen Seen, 
Zeit. Wiss. Zool. Vol XLV, 1887., p. 265. 
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NOTES ‘ON CLADOCERA.  TIT.* 


By E. A. Bires, Professor of Zoology, University of Wisconsin. 


A. On a Collection of Cladocera from Central and Northern 
Wisconsin and Northern Michigan. 


In the summer of 1892, I madea short collecting trip through 
central and northern Wisconsin, occupying the last days of 
July and the first of August. Earlier in the same season I 
visited Green lake and made collections supplementing the 
pelagic material kindly given me by Prof. C. Dwight Marsh, of 
Ripon College, Wis. In August, 1893, I collected Cladocera in 
Washington -Harbor, Isle Royale, Michigan, and in Gogebic 
lake, Mich. During the same season Mr. L. S. Cheney, of the 
University of Wisconsin, collected for me in northern Wiscon- 
sin, but his material, except that from lake Vieux’ Desert, has 
not yet been thoroughly studied. 

My thanks are due to Hon. Philo Dunning, the former 
president of the Wisconsin Fish Commission, and to Gen. H. 
E. Bryant, its present head, for securing me free transporta- 
tion on these excursions; and to the officials of the Chicago, 
Milwaukee & St. Paul Railroad, and of the Milwaukee, Lake 
Shore & Western Railroad for transportation furnished. 

The central Wisconsin collections were made from lakes 
Winnebago, Butte des Morts and Green, and also from ponds 
and marshes at Necedah and New Lisbon. Pelagic material has 
also been given me by Prof. Marsh from lakes Puckaway, Buf- 
falo and Rush, but this, so far as examined, has shown little of 
interest. 


In northern Wisconsin I visited Rhinelander, collecting in 


*The preceding articles of this series were published in the Transac- 
tions of this Academy, vol. IV, 1878, and vol. VIII, 1891. 


276 Birge—Notes on Cladocera. 


lake Julia and in marshes; lakes Tomahawk and Kawaquesaga in ; 
Oneida county, Pioneer and Twin lakes in Forest county, and — 
Ashland and Bayfield harbors on Lake Superior. Mr. Cheney coll- 
ected in lake Vieux Desert on the line between Michigan and 
Wisconsin, and I have visited lake Gogebic in Michigan and 
have received material collected at Watersmeet by Prof. C. 
R. Barnes. 

Collections were also made at numerous other points in north- 
ern Wisconsin, among them Goodnow, Harshaw, Hixon and 
Tomahawk on the Valley Division of the C. M. & St. P. R. R., 
Lac du Flambeau, Woodruff and Bolton on the M. L. S. & W. 
R. R., but they did not show any species not included in the 
lists from the lakes where more careful work was done. 

The lakes in which I‘collected differ considerably in charac- 
ter. Lake Winnebago is a large sheet of water, -about thirty 
miles long by fourteen in width. It is very shallow—nowhere 
over twenty to twenty-five feet deep. At the place where my 
collection was made—about eight miles north of Oshkosh—the 
lake yielded a great amount of pelagic material and but little 
from the shore waters. Anchistropus minor is the only rare 
species found here. Lake Butte des Morts was visited only at 
the end nearest Oshkosh. The collection from this lake as well 
as that from lake Winnebago can not represent their fauna at 
all adequately. 

Green lake near Ripon has been inate studied by Prof. 
C. Dwight Marsh so far as its pelagic Copepoda are concerned. 
Its physical characters are described by him in a paper pub- 
lished in the Transactions of this Academy, vol. VII, p. 214. 
The lake is over 200 feet in depth. It afforded very few pe- 
culiar forms. Pleuroxws nanus was found here and this is the 
furthest point to the south at which it has been found. If © 
further study shows this species to have a wider southern 
range, the Cladoceran fauna of the lake will not differ from 
that of the shallower lakes in the same region. 

Collections were made at Necedah and New Lisbon from 
streams, ponds and marshes. Latonopsis australis was found 
at the former place, the only locality where it has been found out- 
side of Madison. 
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The most important collection of the excursion was made at 
Minocqua in lake Kawaquesaga. This is a very irregular sheet 
of water, whose numerous shallow bays are filled with an 
abundant growth of Utricularia and other water plants. Its 
depth is not over thirty feet in any place which I visited. 
Thirty-nine species of Cladocera were found here, the most re- 
markable being the new species, Bunops scutifrons and Chydo- 
rus faviformis. Here, too, Acantholeberis curvirostris and 
Streblocerus serricaudatus were found for the first time. 

The other lakes examined in northern Wisconsin were Julia, 
Tomahawk, Twin, and: Pioneer. They are much alike in 
character. They are twenty to thirty feet deep, rather 
regular in outline, at least in the parts visited. The bottom 
is sandy, the shore abrupt with little marsh and few water 
plants. Rushes grow in the shallower parts but usually 
spring from the sand, so that the conditions are not the best for a 
large variety of Cladocera. Holopedium gibberum was found in 
only one of these lakes, lake Julia at Rhinelander. Leptodora 
hyalina did not occur at all, although it was looked for. The 
species has however been found in the same region at Waters- 
meet, Mich., so that no conclusion as to its distribution can be 
drawn from its absence in these cases. 

Gogebic lake, Michigan, is a large lake about fourteen miles long 
and two to three in width. It is shallow, being only about twenty- 
two feet deep at the southern end which was the part I visited. 


Into this end the Slate river flows and there is an abundant 


growth of weed. There are many littoral species, and as the 
lake is so long and so much exposed to the wind, the pelagic 
Species are mingled with the littoral fauna. Here was found a 
_ remarkable variety of D. hyalina, whose crest resembles greatly 
_ that of D. intexta, Forbes. In this lake were found the rare 
forms, Anchistropus minor, Birge, Chydorus rugulosus, Forbes, 
Chydorus faviformis, Birge. 

Pelagic collections were made at Ashland and Bayfield, Wis. 
Nothing of especial interest was found except Holopedium gib- 
derum at Bayfield and a single specimen of Macrothriz rosea at 
the same place. 
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Washington Harbor, Isle Royale, was carefully examined. 
There was a very scanty pelagic fauna. This was true of all 
places where I dredged on the north shore of Lake Superior. In 
the shallows at the head of the harbor were found Drepanothrix 
dentata in large numbers (not previously found except at 
Madison), Alona falcata, Chydorus rugulosus, Pleuroxus nanus. 

In the following table 7 denotes that the species was found in 
the littoral waters; p, that it is pelagic; m, that it was found 
in marshy waters. 


Table showing the species of Cladocera collected in central Wiscon- 
sin and northern Wisconsin and Michigan. 
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The total number of species and varieties in the foregoing 
list is sixty-three, distributed as follows: 
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It is not impossible that the forms describea as Daphnia 


- Schoedleri, Sars, and D. pulex, var. pulicaria, Forbes, are really 


the same. More than two varieties of D. Kahlbergiensis, Schdl., 
might have been enumerated, and almost every lake has its 
own variety of D. hyalina, Leyd. Among the Lynceide the 
several varieties of Chydorus sphericus were noted but their 
distribution was not determined. These were the forms, @. 
celatus, Schdl.; punctatus, Hellich; nitidus, Schdl., and minor, 


* Besides several unidentified forms. 
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Lillj. Daphnia minnehaha, Herrick, and Pleuroxus trigonellus, 
O. F. M., were also found at Tomahawk, Wis. There have, 
therefore, been collected from central and northern Wisconsin 
a total of sixty-nine species and varieties, which in most Euro- 
pean lists rank as species. n 
The following species in the list are new to science: 
Ceriodaphnia lacustris, sp. nov. 
Daphnia Kahlbergiensis Schdl. var. breviceps, var. nov. 
Bunops scutifrons, gen. et sp. nov. 
Anchistropus minor, sp. nov. 
Chydorus faviformis, sp. Nov. 


The following species are new to the United States: 

Simocephalus exspinosus, Koch. 

Ceriodaphnia quadrangula, Sars. 

Streblocerus serricaudatus, Fisch. 
| Acantholeberis curvirostris, O. F. M. 

Alona falcata, Sars. 

Alonella rostrata, Koch. 

Pleuroxus hastatus, Sars. 

Acroperus angustatus, Sars. 


The following species are new to Wisconsin: 
Daphnia pulex, var. pulicaria, Forbes. 
Monospilus tenwirostris, Fisch. 
Pleuroxus nanus, Baird. 

Chydorus rugulosus, Forbes. 


The following species and varieties have not as yet been 
found in southern Wisconsin, although no doubt many of them 
will be discovered there: 

Daphnia Kahlbergiensis, var. breviceps, Birge. 
Acantholeberis curvirostris, O. F. M. 

Alona falcata, Sars. 

Alonella rostrata, Sars. 

Monospilus tenuirostris, Fisch. 

Pleuroxus nanus, Baird. 

Pleuroxus hastatus, Sars. 

Chydorus rugulosus, Forbes. 

Chydorus faviformis, Birge. 
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Several species were not found north of central Wisconsin: 
Scapholeberis aurita, Fisch. 
Pleuroxus exiguus, Lillj. 
Dunhevedia setiger, Birge. 
Alona quadrangularis, O. F. M. 
Without doubt the range of many of these will be extended by 
further study. A striking example occurred just as this paper 
was going to press. Macrothrix rosea, Jur. was not found in 
northern Wisconsin, although abundant in the centre of the 
state and although it was especially sought. Finally a single 
specimen was found in a pelagic collection from Bayfield at the 
extreme north of the state, 


A considerable number of species have been found in southern 


‘Wisconsin, whose range has not as yet been extended to the 


northern part of the state. These are: 
Moina affinis, Birge. 
Moina flagellata, Hudendorff. ; 
Ceriodaphnia megalops, Sars. 
Scapholeberis obtusa, Schdl. 
Daphnia pulex, De Geer. | 
Daphnia microcephala, Sars. 
Daphnia longiremis, Sars. 
Iiyocryptus sordidus, Liev. 
Bosmina longicornis, Schdl. 
Bosmina bohemica, Hellich. 
Leydigia quadrangularis, Leyd. 
Alona tenuicaudis, Sars. 
Alonopsis latissima, var. media, Birge. 
Camptocercus macrurus, O. F. M. 
Camptocercus biserratus, Schdl. 


Adding these to the former list we have a total of eighty- 
four species and varieties known to exist in Wisconsin. Of 
these varieties it may be said that nearly all of them are recog- 
nized as species in standard lists of European Cladocera and in 
comparing the fauna of Wisconsin with that of any other country, 
most of them must be counted as species. 
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The list of Wisconsin forms has now become so great that it 
is not premature to compare our fauna with that of European 
countries. The following table will show the number of species 
reported from various countries as compared with the Wisconsin 
list: 
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{+ And several undetermined species. 


In comparing the above lists the fact must be noted that. 


Hellich’s list for Bohemia and Daday’s for Hungary both con- 
tain a large number of species of the genus Daphnia. Hellich 


gives twenty-four species of this genus and Daday enumerates — 


eighteen. Many of these are of doubtful value. A certain por- 
tion of them can be fairly set against the varieties of that 
genus included in my total. But after making all deductions 


\ 


re - 


i, 
a 
z 
: 
¥ 
E 


Cladocera of Wisconsin and Europe Compared. 285 


of that sort I have no doubt that the number of the species of 


that genus which are found in temporary pools is smaller here 
than in Europe, as the rainfall here is so much less. Sars, 


who has described so many species of Daphnia, reduces the 


total number for Norway to nine in his latest list. My list in- 
eludes eleven species and varieties of this genus, and the num- 
ber should be reduced about one-half in order to compare it 
fairly with Sars’ list. . 
Norway on the other hand furnishes fifteen species of the 
genus Bosmina. This genus has yielded me only four, species. 
I have a large amount of material, embracing certainly several 


species, but in the absence of recognizable descriptions and fig- 


ures of European forms, I hesitate to describe them. Sars also 
enumerates eight species of Polyphemide, which family in Nor- 
way shows marine as well as fresh-water species. If we omit 
these two families from the comparison between Norway and 
Wisconsin, we shall find for Wisconsin eighty-one species and 
varieties and for Norway eighty-two species. If we take 
from Wisconsin’s list the varieties of the genus Daphnia, we 
shall be able to compare the lists on a fair basis and may 
reckon the number of the known species at about seventy-six. 
This number is so nearly equal to that found in Norway, whose 
Cladocera are better known than those of any other Furopean coun- 
try, that it seems fair to compare the fauna of Wisconsin with that 


of Europe in order to see how many species are common to both 


sides of the Atlantic and how many are peculiar to America. 

The following table shows these relations as I find them. 
Column I shows the species common to Wisconsin and Europe, 
II the species peculiar to America, and III the varieties peculiar 
to America: 
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Besides these enumerated in the table, one species, [dyocryptus 
longiremis, Sars, is common to Wisconsin and Australia. It is 
possible that the forms described in the second section of this 
paper under the names D. microcephala and D. longiremis, Sars, 
are really entitled to rank as independent varieties. If so the 
totals must be ccrrespondingly altered. It is also to be ob- 
served that Imhof has noted* but not described a new species 
of Bosmina from Green lake, Wisconsin. 

The facies of our fauna is even more European than these fig- 
ures would indicate. American varieties of European species 
need, of course, no comment. They are only slightly dif- 
ferent from the European form. The like may be said of 
many of the Wisconsin forms considered as entitled to specific 
rank. Many of them are very close to European species, as may 
be seen from the following list: 


* Zoologischer Anzeiger, vol. xiv, p. 275. 
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WISCONSIN. ; EUROPE. 


 Moina affinis, Birge. M. rectirostris, Jur. 
Ceriodaphnia lacustris, Birge. C. hamata, Lill). 

3 Ceriodaphnia consors, Birge. c. laticaudata, Peo Bs oe: 
Daphnia minnehaha, Herrick. D. dentata, Matile. 


; Bunops scutifrons, Birge. B. (Macrothriz)  serricaudata, 
7 . Daday. 

3 Alona lepida, Birge. A, elegans, Kurz. 

iL Pleurozus denticulatus, Birge. P. aduncus, Jur. 

3 Anchistropus minor, Birge. A. emarginatus, Sars. 

4 Chydorus rugulosus, Forbes. C. gibbus, Lill}. 

3 Besides these, Jlyocryptus longiremis, Sars, is close to I. agilis, 


Kurz; Latonopsis occidentalis, Birge, is closely allied with Sars’ 

I. australis from Australia. The genus has not as yet been 
found in Kurope. 

Pleuroxus procurvatus, Birge, and Chydorus faviformis, Birge, 

do not seem to be closely connected with any other known species. 

The forms of the genus Daphnia, described by Forbes under 

the name of D. retrocurva, are the representatives in this coun- 

4 try of the European D. cucullata with its varieties, especially 

Kahlbergiensis, Schdl. Perhaps as all our forms are provided with 

a pectinated caudal claw, it would be well to make of them a 

: separate species. This would then probably bear the name JD. 

kerusses, Cox. In any case the Wisconsin forms closely corre- 

spond to those of Kurope in nature and range of variation of 

the crest of the head. 

It thus appears from the list and comments that the fauna of 
Wisconsin differs very slightly from that of Europe. No genus 
thus far discovered here is peculiar to America, and only two 
of our species lack a close relative in Kurope or some other widely 
separated land. Soclose is the relation between our species and 
their foreign allies that we cannot doubt that more careful 
_ study of the range of variation shown by the Cladocera will re- 

duce many of our thirteen peculiar species to the rank of vari- 

eties. | | 
In a recent paper on the geographical distribution of the 
ii—4 
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Cladocera,* M. Jules Richard concludes that less. than one-half 
of the species found in North America are peculiar to that coun- 
try, and that careful revision will reduce this proportion. He * 
gives a list of species found here, using as authority, apparently, 
Herrick’s list in the Minnesota Geological Report for 1884. 
This list contains a large number of species both from my 
paper of 1878 and from Herrick’s own work, which are unques- 
tionably synonyms of European species. The real relation of 
the fauna of the north central states of this country can not 
differ very greatly from the proportions as given in this paper. | 

In his statement of conclusions to be drawn from the ob- 
served facts of the geographical distribution of the Cladocera, 
M. Richard expresses himself with great caution. Neverthe- 
less, I think that he has gone somewhat further than the facts 
warrant in even the following cautious opinion: 

“Dans plusieurs parties du monde, on trouve des types spe- 
ciaux, le plus souvent en tres petit nombre, et noyes en milieu 
d’une foule de formes tres repandus, Nous avons en Europe: — 
Limnosida, Anchistropus, Corniger; en Afrique: Guernella, 
Grimaldina; dans 1’ Amerique du Nord: Pseudosida; en Austra- 
lie: Latonopsis.” 43 

My own observations show that two of the seven peculiar 
genera enumerated are found in Wisconsin. <Anchistropus and 
Latonopsis are represented here by species very close to the 
Australian and European forms respectively. I have little doubt 
that Limnosida will be found by careful study of our northern _ 
lakes. If not, it will be the only European species of Sidide 
which is not found in this country. Corniger is a salt water form | 
of the Polyphemide from southern Russia. No studies have been 
made in this country in corresponding latitudes which will 
warrant the assertion that the genus is not found here, and the 
same statement may be made regarding the other genera men- 
tioned by M. Richard. 

The facts so far as known to me justify the expectation that 
all genera of Cladocera are intercontinental in their distribu- 


*Sur la Distribution Géographique des Cladocéres. J. Richard. Re- 
ceived October, 1893, as a separate reprint from a Russian journal, but 
without name of journal or date of publication. 
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one continent. 
_ One further fact mentioned by me in an earlier paper has not 
been sufficiently considered in connection with the geographical 
range of the species of Cladocera. This is the wide geo- os 
graphical area over which the species may be found, coupled : 


with a very irregular distribution in that area. As a good Oe 
4 example of this fact may be mentioned <Anchistropus minor, 5 ee 

_ described in the second part of this paper. A single specimen BE: 
of this species was found by me in lake Wingra in 1890. No 


_ second specimen could be discovered although several days were | 
“4 devoted to the search; nor has another individual been seen ie 
- from this locality in the course of the three years which have | a 
z passed since the first one was seen. Another single individual ee 
¥ was found in Lake Winnebago in 1892 and again I was unable e: 
to find another even after most careful dredging in the same | 

_ place where the first was found. Finally I found the species oe 

_ fairly abundant at Isle Royale. It can not be doubted that 
7 Anchistropus minor occurs widely throughout the state of Wis- 
4 consin and yet it is so rare or local in its distribution that it 


a 


4 -seems a mere matter of accident whether or not it is reported 


from a given locality. This case is paralleled by many others 
q in the experience of every collector of Cladocera and illustrates “$8 
the need of extreme caution in declaring a species absent from 3 
_ @ region or from any given lake. My own belief is that most 
_ species whose form is not very variable in the locality where 
a they are found, will have an intercontinental distribution. Ex- 
.- ceptions will no doubt occur, but the presumption so far as the 
facts are known to us, is in favor of a wide area of distribution 
rather than a smaller one. 
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B. On new or rare species of Cladocera chiefly from Northern 
Wisconsin. 


MOINA AFFINIS, Sp. nov. 


Pilate: X, Figures 453; 5, -7,°8; - t2; 23) cme 


Female.—The head closely resembles that of WM. rectirostris, 
Jur., being somewhat rounded anteriorly, having a deep de- 
pression above the eye, and being without an angle on the ven- 
tral margin posterior to the antennules. As seen from above, _ 
the head is rather long and narrow and shows the supraocular _ 4 
depression very distinctly The outline of the sides of the — 
head is slightly concave in the middle and the sides round over 
evenly into the anterior margin. The valves are fringed on the 
margin with sete more closely set than in M. rectirostris, and 
are marked by transverse, anastomosing lines, giving an ap-  # 
pearance to the shell somewhat like that of a Simocephalus. a 
These markings can be seen when the shell is examined un- 
covered and without water, and also, by careful manipulation, E 
under a cover-glass. These striz resemble those of M. Litlje- — 
borgii, Schdl. as figured by Lilljeborg, (’53,* p. 38, pl. II, f. 4f£.), 
and still more closely those of M. propinqua, Sars, as described 
and figuredsby him. (’85, p. 31, pl. VI, f. 1.) — i 

The structure of the legs agrees exactly with that of M@. rec- 
tirostris, as described by Gruber and Weismann. (’77, p. 70-72. ). 
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The post-abdomen has a relatively long post-anal portion, 
which is armed with 9-11 serrate teeth and a bident longer 
than the adjacent tooth. The caudal claws have a pecten of 
12-15 teeth at the base and are denticulate, 

The ephippium contains one egg whose long axis is parallel 
to that of the body. The ephippium is densely reticulated over 
its entire surface. SDI chy q 

The antennules are of moderate size, being apparently some- 
what smaller than the figures of M. rectirostris would indicate 
for that species. The usual anterior sense-hair is placed a — 


* For full titles of papers, see the list at the end of this article. 
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with a high power of the microscope, but easily disclosed by 


treatment with osmic acid. 
‘The antennse resemble in general those of M. propinqua. 
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Transparent, with sometimes a tinge of violet. 
Length, 0.8-l mm. Height, 0.4-0.5 mm. 


s - Male—The male is about 0.3-0.6 mm. in length, and agrees 
2 in structure with the usual type of the males of this genus. 
‘ The antennules are modified into powerful claspers. They are 
broad at the base in the antero-posterior direction and are in- 
 serted near the vertex, so that the head projects but little be- 
| yond them. They are geniculate, the angle occurring about 
- 1-5 of the length from their snsertion. . At the bend are two 


sense hairs, one short and stout and the other long and slender. 


z There are four hooks at the distal end of the antennule. 


The first foot has a hook and is without a flagellum. 

The spermatozoa are spherical or oval, and never have radiate 
projections of protoplasm. 

This species is evidently close to the Kuropean M. rectirostris, 
Jur. Ihave been somewhat in doubt as to the specific distinct- 


ness of the form, but on the whole I have thought it best to 
_ give it a separate name, although recognizing the possibility 


that the range of variation of M. rectirostris will be found great 
enough to cover this form. It is clear that M. rectirostris, Jur., 
of Europe, M. propinqua, Sars, of Australia,and M. affinis are very 


_ ¢losely allied species. They agree in general form, color and 


size. All have an ephippium with one egg, and a head with 
supra-ocular depression. All agree in number and structure 
of the anal teeth and in the size of the bident. The legs prob- 
ably agree in structure. Those of M. rectirostris and M. affinis are 
alike, but Sars says nothing specific of the structure of those 
of M. propingua and does not differentiate the Kuropean species 


iM. rectirostris and M. brachiata. 


The males of the three species agree in general form. They 
have the bend of the antennule proximad to the middle of its 
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form as a distinct variety if they should be found constant in 
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length and have two anterior sense-hairs. The first leg lacks. 
the flagellum. 
The following differences are found: 


M rectirostris. M. propinqua. M. affinis. 
EPHIPPIUM, smooth in center, smooth in center, reticulate. 
TERMINAL CLAW, pectinate, not pectinate, pectinate. aS 
VALVE, smooth orfaintly reticulate, anastomosing str’, anastomosing stris a 
ANTENNA, smooth, villous, villous. aa 
MALE ANTENNULE, bend close to middle, bend close to middle, bend near head. 
TERMINAL HOOKS, Six, three, four. 


ZOOSPERM. radiate, spherical, spherical. 


In view of these differences I have decided to consider this a. 
separate species. It is certainly as distinct as is M. propingua 


2 J e , Kg ix) ia 
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and as species of far-distant countries are so nearly allied it 
becomes necessary to mark every difference in order that 
students may note the extent of variation. No doubt later re- 
visers of the genus will reduce the number of species. 

This species is of common occurrence in Wisconsin and has 
probably been found elsewhere in the United States. The de- 
scriptions given by Herrick and others are not in sufficient 
detail to enable one to decide whether the form found was this 


’ 
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or the regular M. rectirostris. 


“> 
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The species occurs in muddy pools and similar localities after 


nial Dat 


the regular custom of Moina. 


LA 
) a en a 


MOINA FLAGELLATA, Hudendorff, variety. 


%, 
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Plate X; Figs. 274 6,9) 10,1t 


This species appeared in a muddy pool in Madison in July, 1892, 
and in June, 1893. The specimens included males and females 
with ephippia. These specimens closely resemble the elaborate 
description given by Gruber and Weismann for this species 
under the name of M. paradoxa (’77, pp. 82, ff). There are some — 
differences which would warrant the separation of the American 


specimens from other localities. These are: 1. The shell is” 
marked with striz, much as in M. affinis, Birge. These can be 
easily seen in clean individuals even under the coverglass. 
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as _polygonalen Felderung durchaus keine Rede sein kann’’. 2. The 
basal teeth of the caudal claw are sometimes, though not always, 
larger than the others and thus give rise to a pecten. 3. 
The head of the young female is covered with short scattered 
a hairs. In this regard the species resembles M. banffyi, Daday 
; (88, p. 112, Pl. JU, fig. 1.); but in that species the hairs are 
ie found all over the head and extend upon the carapace, while in 
Z all specimens of M. flagellata, they are confined to the dor- 
sum of the head. 4. The antennule bears posteriorly numerous 
3 a long fine hairs. These are not mentioned by any European 
writer, but are not improbably present, as they are very easily 
a overlooked. 

‘The head of the male projects greatly anteriorly and has no 
EP - supra-ocular depression. The antennules are angulated at about 
+ ; ‘the middle of their length or a little distad of that point. They 
| bear 5-6 hooks on the outer end. The first foot bears a hook 
and a long flagellum. 

Moina flagellata is readily distinguishable from M. -affinis 
at any age and in either sex. The differences between the 
two species in the female sex are sufficiently striking to enable 
‘me to determine the new form at the first glance, although 
I had never seen it before and did not expect to find it in the 
4 pool where it appeared, in which I had been accustomed to 
collect M. affinis. 


SIMOCEPHALUS EXSPINOSUS, Koch. 


Typical specimens of this species, not before recognized in, 


America, have been found in collections from Green, Twin and 
_ Pioneer lakes and from Ashland. I find in Madison specimens 
resembling S. vetulus in all respects except the macula nigra, 


4 as belonging to S. exspinosus or not. The differences between 


the two species in outline and serration of caudal claw do not 


= 
4 which is rhomboidal. I am doubtful whether to consider them 
x 


seem to be constant. At least, I find that the form of the 


head of both S. vetwulus and S. serrulatus is very variable. I 
also see no constant difference in the caudal claws of S. vetu- 
lus and S. exspinosus. 
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CERIODAPHNIA LACUSFRIS, Sp. nov. 
Plate XII, Figs. 6, 7, 8, 9. 


Female.—The head is small, greatly depressed and slightly an- 
gulated in front of the antennules. The vertex bears numerous 
small spines at the angle of the reticulations. The fornices are 
very large, extending out in a broad triangular plate whose ~ 
apex is blunt and armed with three or four teeth. The valves 
are ventricose in the posterior ventral portion and the dorsal line 
is somewhat arched. They are not very strongly reticulated. 


The posterior spine is well developed and stout. It is occa~- 


sionally divided at the tip into a right and left part, but usu- 
ally terminates bluntly with 2-4 teeth. The post-abdomen 
is somewhat like that of C. reticulata, being long and narrow, 
bearing 6-8 recurved anal teeth, which increase in size to- 
ward the posterior end of the abdomen. The caudal claws are 
long, recurved and denticulate. 

The eye is of moderate size and its numerous lenses project 
far out of the pigment. The macula nigra is small and quad- 
rangular in shape. 

The antennules are short and rather thick. They are not 
much longer than the sense-hairs which they bear. The ante- 
rior sense-hair is placed near the apex of the terminal jou 
The antenne are small and slender. 

The fornices in this species seem to exceed in size anything 
before noted in this genus. The distance between the tips of. 
the fornices nearly equals the greatest breadth of the animal. 
The spine is better developed than is usual in Ceriodaphnia. 
The reticulation of the valves is more plainly marked than in 
C. quadrangula, less strong than in C. laticaudata. 

The supra-ocular depress.on is not deep, while the cervical 
notch is deep. 

The color is yellowish-transparent. The species is pelagic, 
although single individuals may be found in the weedy margins 
of lakes. It has been found at Madison, Minocqua, Tomahawk 
lake, Twin lakes, and Rhinelander (lake Julia), all in Wiscon- 
sin, and at Gogebic lake, Michigan. Length of female, 1-1.3 


mm. 
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Ceriodaphnia lacustris is perhaps most closely allied to C. ham- 
ata, Sars (90, p. 36). That species has a similar form and habitat, 
put differs in the shape of the fornices, which are produced “in 
_ spinam precurvatam, hamiformem, sat prominentem.” Co 
_ hamata also lacks the spines on the head. (C. punctata, P. 
a _ KE. Mueller is also a pelagic species, and agrees with C. lacustris 
in the structure of the head and perhaps in that of the post- 
ae abdomen. The antennules, however, are far longer in C. pune- 
tata, and the fornices are much smaller. C. pelagica, Imhof 
should also be a similar species but I have not been able to 
refer to Imhof’s description. 


CERIODAPHNIA QUADRANGULA, O. F. Mueller. 


Sars’ account of this species ('90, p. 36.) led me to look 
carefully over my material from northern Wisconsin with refer- 
‘ence to it. I conclude that the species is present. I find how- 
__ €ver, no really trustworthy figures of the species, and it is very 
difficult to identify it from the conflicting descriptions of vari- 
ous authors. Unquestionably more than one form has been de- 


i eas as 
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scribed under this name. There is clearly a form without a 


| 
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pecten on the caudal claw and with no angle in front of the an- 
tennule, and another similar but with such an angle. I have 
called the first form C. quadrangula and the second @. puwl- 
chelia, but am not sure of my identifications. 


DAPHNIA PULEX, var. PULICARIA, Forbes. 
Pate 2X, ies. 2 a8. 


A pelagic species of Daphnia, found in. several localities, 
seems to belong to this variety, described by Forbes (’93, p. 
242, pl. XXXVII, fig. 1). This species agrees ‘n general with 
D. pulex, but is transparent and is found in the open water of 


Ra aye) 4 
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of lakes and not in muddy pools. <A species very close to it is 
present in temporary pools at Madison. This also differs in 
1 color from the typical D. pulex. Although dirty it lacks the 
yellow tint characteristic of the true D. pulex. In some lakes 
a species was found which seemed more closely allied toe D. 


- MDIES ales ee vay : 


the female: 


ing. The species thus belongs to the section Hyalodaphnia of 
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Schedleri, Sars. It is not improbable, however, that both spe- 


cies are varieties of the same form. The figures show, besides a 
the head of the male, the post abdomen and caudal claw of the 


female, and two characteristic types of outline of the head of 


DAPHNIA KAHLBERGIENSIS Schdl., var. BREVICEPS, var. nov. 
Plate, Xs Mies. aki v2, so. 


Female.—The animal is hyaline and the macula nigra is want- 


Schoedler. The head is small, rounded in front and has a nar- 
row crest. The rostrum is small, but always projects beyond 
the sense-hairs. The valves are broadly oval in form and are 
faintly recticulated. The spine is slender and of moderate 
length. The first and second abdominal processes touch and 
are slightly united at the base. The post abdomen has the 
form characteristic of the section Hyalodaphnia. It bears 9-10 Re 
anal teeth, which are recurved and decrease in size from the 
posterior end of the row. The caudal claws are provided with 
the usual two teeth on their anterior (ventral) margin. They 
have a pecten of fine teeth at the base, extending a little way 
upon the claw. This is immediately followed by a second pec- — 
ten of 10-12 coarser teeth, which are longest in the middle. 
Very fine denticles extend to the end of the claw. 

Length, 1.4 mm., including spine pf 0.3 mm., height, 0.7 mm. 

The male was not found. i 

The length of the head is variable, but may be a little more 
than one-fourth of the valves. Its anterior margin. varies from 
a form evenly rounded to one extending into a blunt point, as 
is shown in the figures. The ventral margin of the head varies 
from nearly straight to markedly concave, and the rostrum may 
be merely a blunt, rounded termination or may be drawn out 
into a well defined pointed, projection. The antenne are slender 
and rather weak, not unusually long. When turned back the 
ends of the setee do not reach the hinder margin of the valves. 
The basal joint of the antenne extends beyond the anterior 
margin of the head in some individuals and in others falls short 


‘of this margin. The variation depends rather on the form of 


. the head than on the length of the antenna. Spines are found 


on both the dorsal and ventral edge of the valves. Two em- 


__ bryos were seen in the brood cavity. 


i: Bi The antennary sete are, as usual, *'7~, and the basal seta of 


the triarticulate ramus is about as long as that borne on the 
next joint. In this respect this species differs from most of the 


a species of the section Hyalodaphnia. 


In all specimens collected the tip of the spine was broken off, 


= _ but it could not have been much longer than the figure shows 


it. The spine is slender and resembles that of D. microcephala, 
Sars. The anal teeth are larger than is usual in the section 


_ _Hyalodaphnia. This variety represents, among the American 


Hyalodaphnie, the European D. cucullata, Sars, or D. apicata, 


- Kurz: The anal teeth are more numerous than in the European 


forms and the caudal claws are pectinate. 
It is rather difficult to decide whether to call this form a spe- 
cies or a variety. It is very different in shape of head from 


any known American Hyalodaphnia and so far is undoubtedly 
entitled to specific rank. On the other hand European experi- 


ence shows that the forms of the section Hyaludaphnia are al- 
most indefinitely variable in the shape of the head and that the 
most extreme forms show connections. It has therefore seemed 
best to call it a variety only. 

This species was found at Tomahawk lake and at Twin lake, 


‘Forest county, Wiscansin. It is a pelagic form and as the two 


localities where it occurs are about thirty miles apart, it may 
be looked for in other lakes of this region. It was not found at 


Minocqua, although Kawaquesaga lake, on which that town is 


located, is continuous with Tomahawk lake. 


DAPHNIA MICROCEPHALA, Sars oC 2). 
Plate A oii 1s: 


[ have found in collections from lakes Geneva and Delavan, 
Wisconsin, in material kindly sent me by Prof. S. A. Forbes, 
of Champaign, Ill., a species which I refer to this species with 
some doubt. WD. longiremis, Sars., and this species occur to- 
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gether in these collections in much the same way as D. hyalina 


and D. recrocurva are apt to do. Their numbers, however, are 
more nearly equal, and in some bottles D. microcephala may be 
the more numerous. 

In general form this species closely resembles D. longiremis. 
The valves are perhaps somewhat more elongated, but still are 
of a broadly eliptical form. The spine projects near the middle 
of the shell and extends nearly straight backward. It is beset 


with few and very small spinules. I see no difference between 


D. longiremis and D. microcephala in eee respects, although 


' Sars’ description indicates one. 


The head is smail; its height is about one-half that of the 
valves and its free projection is less than its height. It has a 


slight keel on its dorsal side, which is wider on the anterior 


edge. Seen from the side, the head is usually evenly rounded 
in front but occasionally there is a trace of angulation. There 
is never an indication of a projection or spine. The ventral 
margin of the head is straight and rounds over smoothly at the 
posterior angle. There is practically no rostrum. The sense- 
hairs of the antennule project below the ventral margin of the 
head. 


The antenna is moderately stout, having about the proportion: 


of that of D. hyalina. The seta of the basal joint of the ven- 
tral ramus is about as large as its fellows. The eye is of mod- 
erate size and of the type seen in D. hyalina, having a moder- 
ately large amount of pigment. The material at command is 
not so preserved as to show the other internal organs. 

The postabdomen is long and slender. It bears about nine 
anal teeth. The caudal claws have the usual two spinules on 
the anterior ventral’ side and are denticulate. The first and 


second abdominal processes are slightly united at the base. 


The second process is about one-half as long as the first. 
Length 1.3-1.5 mm., including spine. 

The descriptions of this species given by Sars and Hellich do 
not quite agree. The former speaks of a small macula nigra 
(’63, p. 22.) while Hellich (77, p. 37.) did not find that struc- 
ture. He saw the species only once. Ihave been unable to see 
the macula nigra, but tle condition of the material is such that 


“f % regards the species as a variety of D. galeata. I do not follow 
‘him in this as my material does not warrant the change. In- 


deed I find it difficult to understand his later classification of 


me the species D. galeata and D. hyalina with their numerous 


varieties. 


DAPHNIA LONGIREMIS, Sars. 
Eire), Pies ao Oh Op opel One Lhy EZ: 


There is only one description of European specimens of this 
species, that of Sars (’62, p. 148.). Schoedler (’66, p. 30.) 


: 4 and Eyimann (’86, p. 42.) both take their descriptions from 


Sars’ original account, as also does Herrick (’84, p. 73.). Sars 
in his later paper makes this species a variety of D. cristata 
Pou p. 10; 35.). 

Sars’ account is silent on some points of structure which are 
quite conspicuous in my specimens, so that Iam not sure that 
they belong to Sars’ species, but as they agree in general struc- 
ture and especially in the great length of the antennee I prefer to 
keep them. here rather then to make a new species on doubtful 
grounds. 

The specimens examined are pellucid and greatly compressed 

laterally. The valves as seen from the side are broadly ellip- 
tical. The spine is long, very slender, and inserted a little 
above the middle of the valves and is directed somewhat 
dorsally. It is armed on the side with small spinules. These 
extend along the ventral margin of the shell but do not go be- 
yond the base of the spine on the dorsal side. The reticulation 
of the valves is very indistinct, almost invisible in alcoholic 
specimens. 
_ The head is small, evenly rounded in front; the ventral mar- 
gin straight, slightly convex or slightly concave. The rostrum 
varies greatly, being in some examples a long, pointed nose, and 
in others practically absent. The figures give a good idea of the 
range of variation. 


The antennz are very long and slender. When reflexed they . 


extend nearly to the base of the spine but never quite reach it. 
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: a small one may easily be present. Sars now (’90, p. 10, 33.) 
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They are therefore probably somewhat shorter than in Sars’ spec- : 


-imens. The basal joint always projects far beyond the head. Their | 


sete are not unusually long. The one borne on the basal joint of 
the ventral ramus is short, only about one-half the ee of the 
others, but is never absent. ea 
The post-abdomen is, as. Sars says: “eidem in D. longispina sat 
similis.” It is long and slender with 8-14 anal teeth. The 
caudal claws are denticulate and have two small anterior teeth. 
The eye is small and the lenses project far out of the pigment. 


The other internal organs agree with those of the section — 


Hyalodaphnia, From 2 to 6 young were observed in the brood 
cavity. The male was not found. 

Length of female, 1-1.5 mm., height, 0.6-0.7 mm. 

The species was found abundantly in material from lakes 
Geneva and Delavan, Wisconsin, with D. microcephala. 


BosMINA OBTUSIROSTRIS, Sars, (?) 


Plate WI Migs 10s 11. 


A form identical with Sars’ species, or very closely allied to 
it, was collected by Miss H. Merrill near Woods Holl, Mass., in 
a pool in Fay’s Wood. 

Female—Length, 0.6 mm.; height, 0.43 mm. 

The head in front of the eye is very protuberant, but in a 
peculiar manner. The elevation passes gradually into the dorsal 
outline but ventrally is bent abruptly in toward the antennules. 
The ventral line of the protuberance. in aged individuals makes 
nearly a right angle with the anterior margin of the antennule. 
The rostrum is nearly obsolete. The sense-hair is situated at 
the point of attachment of theantennules. The antennules 


‘are short, slightly curved, and in the adult show only very 


faint traces of “joints” in alcoholic specimens. The sense- 
hairs are about one-third of the distance to the tip. In young 
specimens, still sexually immature, the antennules are relatively 
long, strongly curved and show 12-14 joints beyond the sense- 
hairs. At this time they are as long, absolutely, as in the 
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i adult. ‘The ocular protuberance is much less marked and the 


a pecten of 6-8 teeth on the caudal claw, The eye is of moderate 
% ss size and the lenses project but little beyond the pigment. 
‘The male was not present in the collection. 

Bosmina obtusirostris was first described by Sars (62, p. 153, ) 
: e from Norway. It has since been reported from Lapland by Richard 
an (789, p. 5.), from Siberia (Tobolsk) by De Guerne and Richard. 
_-('91b, p. 234.), and by Poppe and Richard (’90, p.78.), as possibly 
: ; occurring in China. Sars (90, p. 11, 40.), mentions it again 
oa from Norway with two varieties, major and alpina. Bosmina 
_ brevirostris, P. EB. Mueller (’68, p. 97.), has been generally con- 
- sidered identical with B. obtusirostris, but Sars (90, p. 40.), re- 
oe gards the two species as distinct.* Bosmina arctica, Lillj, is a 
___very closely allied species according to De Guerne and Richard. 
It is of course very difficult to identify species of this genus 
4 and I am not confident of the correctness of this identification 
ee, although it is evident that this species is very close to B. 


___ obtusirostris. There is only one description of the species, that 


ss given by Sars originally. This account agrees with my speci- 
mens so far as it goes, but is rather brief, and no figures of the 


3 ae have been published. No description mentions the sin- 


_ gular form of the ocular protuberance or the unusual position 
es Pct the teeth of the mucro in the young. 


: - *Sars quotes the species as B. brevicornis P. E.M., but Mueller has 
no such species in any paper known to me. B. brevicornis was described 
_ by Hellich, ’70, p. 60. 
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BuUNopS,* gen. nov. 
Plate XIII. Fig. 1. 


The head is very small and extends anteriorly much as in 
Drepunothriz. The forehead is flattened, somewhat kite- 
shaped as seen from the front, and has a nearly hemispherical 
elevation in the center behind which lies the eye. The valves 
are nearly round, compressed, erested on the dorsal margin, — 
and extend posteriorly into a blunt semicircular projection, 
Ventrally the valves gape in front and about the middle of the 
ventral margin are folded in toward each other. This infolding 
continues to the posterior end of the margin. Its effect is to 
enable the posterior part of the valves to touch each other and 
so close the branchial cavity behind. The free edge of the 
valves is fringed in front with long, slender, straggling hairs, 
while posteriorly they are short and closely set. At the pos- 
terior portion of the shell these hairs are apparently above the 
margin, owing to the fact that the infolded portion of the valve 
extends dorsally as well as toward the median line. The shell 
bears hexagonal reticulations, more distinct on the head. and 
in the ventral part of the valves. 

The post-abdomen is broad, compressed and rounded as seen 
from the side. It is divided by a notch into a pre-anal and a ~ 
post-anal portion. The posterior, dorsal, margin of the pre-anal 
part is convex and armed off the edge with 6-7 small recurved 
teeth and on the sides with 2-3 rows of fine hairs. There is a 
small but well marked abdominal process. The anal region 
bears 2-3 small teeth on each side. The caudal claws are 
curved, stout and denticulate and situated on a small conical 
terminal projection. | 
_ The antennules are long, slender and cylindrical, bearing an 
anterior sense-hair, two pairs of posterior sense-hairs, and ter- 
minal sense-hairs which number about 11 and are of equal length. 
The antenna is of moderate length, slender and rather weak. 
The setze are 3000-311. The basal seta is the longest but is 


* Bovvos, elevation and wy), eye. 
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not notably stout. All sete usually appear smooth but some- 
times there are visible very fine teeth on the basal seta and 
_ seattered hairs on the others. © 

The eye is of moderate size, as is the macula nigra. The lat- 
ter is quadrangular in shape. The intestine is straight and 
there are no hepatic coeca. The first foot in the female has a 
strong hook. The labrum carries a strong triangular process, 

Two species of this genus are known, Bunops serricaudata, 


Daday,* and the present form which I have called Bunops scuti- 
s frons, sp. nov. 
The species are distinguished by the fact that in B. serri- 


- caudata the crest is serrated posteriorly, while in B. scutifrons 
the crest is smooth. Length 0.8-1.3 mm.; height 0.5-0.8 mm. ; 
transparent. 

The species was found in lake Kawaquesaga at Minocqua, 
in shallow water among Utricularia, and also in ditches near 
outlet of lake Wingra, Madison. This species is the subject of a 

separate paper in this volume by Miss. H. Merrill, of Mil- 

__ waukee. For the detailed description of the animal, reference is 

made to this paper. : 


STREBLOCERUS SERRICAUDATUS, Fischer. 


This species, hitherto not recognized in the United States, 
___t haye found in a marshy pool at Rhinelander, Wis., in shallow 
_ water at Minocqua, Wis., at Washington Harbor, Isle Royale, 
and in collections from Quissett, Mass. It is therefore probable 
that it is widely distributed in the northern part of this country. 
My specimens agree very closely with the descriptions and 
figures of Matile (’90, p. 34). The antennules bear on the con- 
_ vex side four strong sensory sete and have no cross rows of hairs. 
: 2 On the ventral edge of the shell are numerous stout, stiff sete, 
4 apparently immovable. Between these are others, more slender 
and movable, which ordinarily project inward and so guard the 
opening between the valves. The post-abdomen also agrees with 
the description of Matile. 


* Macrothrix serricaudata, Daday. (88, p. 105, P. IT, f. 46-48.) 
ii—5 
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ACANTHOLEBERIS CURVIROSTRIS, O. F. Mueller. 


This large species, not before recognized in the United States, 


occurred in large numbers in a marshy pool near Minocqua and 


at several other localities between that town and Tomahawk, 
Wis. 3 

All the European genera of Macrothricide have now been 
found in Wisconsin. They are represented by ten species, while 
in Europe fourteen have been described, but no single country 
has yielded more than nine. Of the ten, eight are identical with 


the European forms. One species, Ilyocryptus longiremis, Sars, is” 


identical with an Australian form, although close to the European 
I. agilis, Kurz. Bunops scutifrons, Birge, is very close to B. 
serricaudata, Daday. With this exception, all the European 
genera which contain only one species are represented in this 


country by the same species. Of European forms which might 


be expected to occur in this country, there have not yet been 


found Macrothrix hirsuticornis, N. and B., and Ilyocryptus agilis 


and acutifrons, Kurz. 

Macrothrix laticornis seems to be the most common European 
form. In Wisconsin, M. rosea, ina form close to M. tenuicor- 
mis, Kurz, is by far more abundant. In collections from 
Starkville, Miss., JM. laticornis was present in great numbers 
and M. rosea was absent. 

Ophryoxus gracilis, Sars, is very generally distributed 
through the state, as is Lathonura rectirostris, O. F. M. 
Acantholeberis | have found only at the more northern stations. 
I have never found it in southern Wisconsin although I have 
looked carefully for it. I hesitate to say, however, that the 
species is not found here. In a recent paper I stated that Polyphe- 
mus pediculus is very rare in Madison. This had been true ever 
since I began to collect, more than twelve years ago. But last 
season it appeared in great numbers in waters which certainly 
did not contain it before. It is therefore not at all impossible 
that a similar discovery may be made for Acant/holeberis. 

Drepanothriz dentata, Wuren, has been found only in lake 
Wingra, Madison, Wisconsin, and at Washington Harbor, Isle 
Royale, Michigan. It probably occurs in the region between 
these points, which are separated by more than 300 miles. 


“ ‘Alona falcata—Alonella rostrata. 305 t ‘ : 
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ALONA FALCATA, Sars. _ 


Plate XI, Wigs. 9, 10. 


This species was found not very rare in dredgings from shal- See 


ow water in Washington Harbor, Isle Royale and in lake a 
: bi ‘chi . : ere. 
Gogebic, Michigan. There are some minute differences between ee 
“my specimens and some of the European descriptions. Sars’ se = 


account (’62, p. 162,) is more like our form than are those of ae 
P. E. Mueller (’68, p. 183,) or Hellich (’77, p. 95). Both of ee 
4 these authors are less accurate in their account of the posterior 
margin of the valves than is the original description of Sars. 
- There is a distinct dorso-posteal angle, and the margin is 


- sinuate. The infero-posteal angle is rounded and the teeth, 
a _ which number 1-3, are set, not on the margin but a little ae 
| within it. The cilia of the ventral margin are long, a f2 
at the anterior and posterior ends. 

The post-abdomen is well described by Sars as “crassum fere 


teres.” The dorsal lower margin is carried almost parallel to = 
the ventral margin of the valves and the organ is used in loco-. a 


motion somewhat as it is employed by Dunhevedia. 


ALONELLA teas Koch. 
187 8, Birge, Pleuroxus acutirostris; p. 23, pl. II, f. 15. 


This species was found at Minocqua, and more abundantly 
-from Isle Royale and also in collections from Easthampton, = = 
Mass. It has not been recognized before in this county al- 
though I earlier described it as a new speciec of Plewrorus. Its 
affinities are more nearly with Plewroxus than with Alona. The 
aS single spine of the postabdomen is the chief character in com- : ee 
mon with Alona, while shell markings and beak are Pleuroxine. 
P - I see no ground for including the forms with short beaks — 
es, P. excisus and exiguus— in the same genus with this distinctly me 
a _long-beaked form. — :S 
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PLEUROXUS NANUS, Baird. 


This minute species was found in Green lake, at Minocqua. 
and New Lisbon, Wis., and at Isle Royale. It has been re- 
ported from Minnesota by Herrick. 


PLEUROXUS HASTATUS, Sars. 
Plate XU, Wis. 1. 


A form which, on the whole, seems to me to belong. to this: 
species was found in a marshy pool near New Lisbon, Wis. In 
general shape and proportions it resembles P. gracilis, Hud., 
and thus is much longer than high. In this respect it differs 
greatly from P. EH. Mueller’s figure of P. hastatws, and in less. 
degree from the figures and measurements of Hellich, Kurz 
and Norman and Brady. Hellich is the only author who 
gives dimensions of both height and length. His results are, 
length, 0.55-0.6 mm., hight, 0.32-0.35 mm. My largest specimens. 
measure 0.51 mm. by 0.22 mm. They are nearly as long as those 
of Hellich but only about two-thirds as high. In spite of this 
difference I consider the species the same. The posterior mar- 
gin of the shell has the same form as that of the Huropean 
specimens. The same is true of the size, shape and armature of 
the postabdomen, the length of the aa and the proportions of 
the antennules. 

European authors differ regarding the cilia of the ventral 
edge of the valves. Kurz (74, p. 66) places them in the middle 
only. MHellich (77 p. 102), figures them along the entire ventral 
margin, only slightly shorter at the posterior end. Mueller (’63 
p. 193, P. II], f. 25), apparently sees them about like Hellich. 
I find that they almost but not quite disappear at the posterior 
end of the valves, but are much the same as in most species of 
Plewroxus. 

The marking of the valves in alcoholic material consists of 
striee anteriorly and obscure reticulations behind. In some 
specimens the posterior part of the valves seems ea 
striated as in so many of the ue of this genus. 


Ohydorus faviformis. 


Material collected in 1893 from northern Wisconsin by Mr. L. 
_$. Cheney contains specimens which leave no doubt of the spe- 
cific identity of this form with P. hastatus. 


CHYDORUS FAVIFORMIS, sp. nov. 
rigte OUlbL. Mies. -7;: 8. 


Female.—The form is in general similar to that of C. 
spheericus. The sheil of the head and body is covered with deep 
ae polygonal cells, formed by outfoldings of the outer layer of the 
= s-valves.. These give the shell an appearance like a honeycomb, 
whence the specific name. The postabdomen is broad, the end 
rounded and the anal projection large. There are 9-10 post-anal 
teeth. The terminal claws are serrate and bear one basal tooth. 


Found in shallow water in the lakes at Minocqua and at Twin 


and aiterwards living specimens in abundance. The main pecu- 
liarity of the species is the development of the deep pits on the 
surface of the shell. These are identical with the structures 
occasionally seen in other species of Lynceidz. Leydig (60 
p. 224) says of Pleuroxus trigonellus: ‘‘Als etwas besonderes fiel 
mir noch auf, dass bei der Seitenlage des Thieres (und unter 
starker Vergroesserung) auf der Woelbung des Kopfschildes sich 


zieht, ungefaehr auf der Mitte des Scheitels beginnend und bis in 
der Herzgegend sich erstreckend. “ P 
Schoedler (63, p. 45.), noted the same fact. P. E. Mueller 


showed that it consists of hexagonal cells corresponding to the 
-reticulations. * Kurz ('74, p. 68.), correctly explained and fig- 
ured it in P. trigonellus, (P. III, £.5). Hellich (’77, p. 104.), 
noted it in P. trigonellus. Matile (90, p. 54.), described the 
occurrence of the “Cuticularsaum” in P. trigonellus, personatus 
and aduncus, and in Chydorus sphericus. 


This species is transparent and yellowish. Length, 0.5—-0.6 mm. | 


5 lakes, Wis., and in Gogebic lake, Mich. This remarkable spe-_ 
cies was first seen at Minocqua, where cast shells were found — 


ein eigenthuemlicher, zarter, senkrecht “gestellter Hautsaum hin- | 


(768, p. 190.), observed the same structure in this species and 
also in P. personatus, in which he figured it (P. IV, f. 23.), and — 
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In all these cases, which include all the references I have been — 
able to find, the cells are very shallow and their walls extreme- 
ly delicate, so that they are hard to see. They thus differ wide- 
ly in degree from the conspicuous cells of C. faviformis, which 
are the most noticeable facts in its structure. The walls of the 
cells stand at right angles to the surface of the shell, and as. 
this isnearly globular, the cells widen considerably toward 
the exterior. The cells are smallest in the anterior part of the 
valves just below the junction of the fornices, and their walls — 
are lowest at the same point. Here is the region where the 
‘antennee rub against the shell when reflexed. The largest cells 
are in the dorsal posterior region, where they may be 0.07 mm. in 
diameter and 0.05 mm. in depth. There is a row of smaller and : 
somewhat irregular cells along the line of junction of the shell 
of head and body. 

The cells are often inhabited by a species of Vorticella, which 
when disturbed withdraws at once into the protection of the ~ 
cavity. The animal is not as much overgrown with parasites 
as would be expected from the structure of the shell, Indeed, 
very little was noticed except the Vorticella. Probably the fre- 
quent changes of the shell are the cause of this freedom from 
parasites. In examining the material collected by the dredge, 
far more cast shells of this species are found than of C. spheri- 
cus, while the proportion of living animals is the other way. 
The post-abdomen and appendages show nothing peculiar. They 
closely resemble the corresponding parts of C. spheericus. 

Chydorus faviformis lives in shallow water in lakes in north- 
ern Wisconsin. It was particularly abundant among a plentiful 
growth of Utricularia near the southern railroad trestle of the 
Milwaukee and St. Paul R. R., in the vicinity of Minocqua. 


CHYDORUS RUGULOSUS, Forbes. 


Plate XIII, Fig. 6. 


A species of Chydorus apparently the same as that of Forbes 
was found at Washington Harbor, Isle Royale. It is probably 
also identical with Lilljeborg’s Chydorus gibbus (Sars, ’90, p. 50). 
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- Ido not know whether Forbes’ (90, p. 712) paper was issued 
x ‘earlier in the year than Sars’ or not. In any case both species 
had been described by their author some years before the pub- 
ee. s lishing of the papers referred to. 

‘The shell is highest in the middle, “dorso medio distincte 
-angulato vel gibbo” (Sars). “The anterior dorsal surface is 
flattened, meéting the flattened valves at an acute projecting 
angle, giving the shell a trigonal form like a beech nut” 
(Forbes). This shape is best seen when the animal is viewed 
_ obliquely from above. The posterior dorsal margin slopes 
steeply down to the posterior margin, which it meets at a 
- rounded angle. The posterior margin rounds over into the 
ventral. The marginal hairs are stout. 

‘The head is small, movable, and in many of my specimens, 
_ the apex of the beak was curved slightly forward. The macula = 
nigra is larger than the pigment of the eye, and is nearer the 
latter than to the apex of the rostrum. I have not seen it ° 

Zz twice as far from the rostrum as from the eye. 

| The shell is reticulated with hexagonal meshes. I have been 
unable to find the minute rugosities of which Forbes speaks. 
2 The outlines of the regular meshes are sometimes resolvable 
3 into minute elevations., The valves are always somewhat dirty 
= and rough. 

e The post-abdomen is large, broad, with 8-10 stout teeth. The 
% anal tubercle is large, forming an acute projection. The caudal 
claws are smooth. Length, 0.5 mm. Height, 0.37 mm. 


ANCHISTROPUS MINOR, Sp. nov. 


Plate XIII, Figs. 2, 3, 4, 5. 


In my former paper on the Cladocera of Madison (Birge, ’91, 
p. 380) I stated that “a single specimen was found in lake 
Wingra, belonging to the genus Anchistropus, Sars, and appar- 


ee TT eee 


ently not to the species emarginatus, Sars. It was accidentally 
_ destroyed before it could be carefully studied.” Other speci- 


mens have been obtained in dredgings from lake Winnebago, 
near Oshkosh, and from Gogebic lake, Michigan, so closely re- 


Sub 


e 
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sembling the sketches of the first specimen that the conclusion — 


regarding the distinctness of the species seems warranted and it 
is described under the above name. : 

Female.—The general form is rotund, resembling that of Chy- 
dorus. The head is large, movable, much depressed. The forni- 
ces are broad and extend out into a broad, pointed flap of a ros- 
trum, which can be closely appressed to the valves. The dorsal 
outline is evenly arched to the posterior margin which is very 


short, practically absent. The posterior part of the ventral mar- 
gin rounds over into the dorsal with only a slight break and is” 


fringed with somewhat straggling plumose hairs, longest in 
front. As seen from below the valves touch about the middle of 


the ventral edge and are slightly Separated at the posterior 


.part. They also touch each other anteriorly. In the middle 


third of the length, the edge of each valve, instead of bending | 


in toward the median line, is turned out, so that a rhomboidal 
space is here left between the valves. Just posterior to the 
center of the fold there is a sharp outfolding of the valve, form- 
ing a groove whose walls are produced ventrally so as to 
form a sort of curved hollow tooth. In the cavity of the larger 
fold lies the first foot and in the tooth lies the spine of this 
foot. : 

The anterior -margins of the valves are strongly convex, but 


not so tumid as is figured in A. emarginatus by Norman and ~ 


Brady ('67, P. XIX, Fig. 4). This structure of valves and first 
foot, which is characteristic of the genus, is less fully developed 
in A. minor than in A. emarginatus. In Norman and Brady’s 
figure the outfolding for the spine extends far back toward the 
posterior edge of the valve, and the spine is at least six times 


as large as in my specimens, where indeed it was difficult to 


discover it. The hook of the first foot is said by Sars to be 
“validus.” Norman and Brady call it a “long, cylindrical fal- 
cate process, denticulate on the edge, which is very conspic- 


uous.’ In none of my specimens was this true, but the hook is not — 


very large, nor was it conspicuously exserted. 
The antennules are short conical, and bear the usual an- 
terior sense-hair and cluster of terminal sense-hairs which are 


about equal in length. The antennez have $$$ setz and have no — 


Acroperus leucocephalus. 


spines. ~The eye is large, and the macula nigra is about one- 
“half as large. The process of the labrum is little developed. 


not found. 

S256 Species of this genus has been found in America before. 
Herrick (’84 p. 118) speaks of a Chydorus-like form seen once 
by him, which had several young in the brood-cavity. It could 
_ therefore scarcely have belonged to this genus where there are 
only two young. His suggestion that Anchistropus is possibly 
‘a male Chydorus is certainly incorrect. 


ACROPERUS LEUCOCEPHALUS, Koch. 


ACROPERUS ANGUSTATUS, Sars. 


3 on Both of these species appear in my collections, as do 
. Ein puzzled by the species of Acroperus found at Madison, as 
3 it seemed to approach dA. Jeucocephalus in some respects and 
A, angustatus in others. In 1892 I. received specimens of the 
genus from Cambridge and Easthampton, Mass., and collected 
them in Green lake and at Minocqua and other points in 
aS northern Wisconsin. All of the Massachusetts specimens are 
typical A. leucocephalus and entirely resemble the European de- 
- seriptions and figures. Specimens from northern Wisconsin are 
Ss nearly typical A. angustatus. The form from Green lake ap- 
x pears to have a higher cephalic crest than do those from any 
: other locality. Im no case do I find the antenne quite as short 
as is required by the description of Hellich (’77, p. 80.). 

xg In lake Gogebic and elsewhere both species occur together. 
g In such cases I have failed to find intermediate forms. 

= _ In the ordinary form at Madison the dorsal line is somewhat 
8 arched, the posterior angles are less prominent than in typical 
x angustatus and the antennary setz reach nearly to the posterior 
edge. of the valves. In all these particulars they approach 


_ deucocephalus, while in general form and in most other respects 
| _ they resemble more nearly angustatus and should probably be 
_ ranked with that species. 


eornis- in some respects intermediate between them. I have long 
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There is no constant difference between the species in size, = 
color or transparency. Hellich says that the striz are not so — 
closely set in angustatus as in leucocephalus. In my specimens | 
the reverse is true although the difference is not great. The 
figures of P. E. Mueller (P. III, f. 15, 18.) show the facts as I 
find them. Mueller (’67, p. 169.) says of A. angustatus ‘‘margo 2 
ventralis * * * * postrema parte glabra.’’ Hellich’s figure . 
of angustatus shows it ciliate to the tip. My specimens show 
a Similar arrangement. (eae 

The antennary sete in my specimens of A. leucocephalus do 
not quite reach the posterior edge of the valves when the an- 
tenn are reflexed. In many specimens of A. angustatus they — 
are as long as in many individuals of the other species. The 
crest of the head is very variable in both sexes. The post-ab- 

*-domen affords no constant characters for distinguishing the 
species. . 

On the whole there seem to be two fairly well marked forms 
of the genus <Acroperus; but general shape and appearance are 
the only means for discriminating them, as the characters re 
lied upon by different authors for specific marks are not con- 
stant. The straight dorsal margin, the short antenne, and 
the position of the posteal teeth, are characteristic of As 
angustatus, but these structural features show considerable vari- 
ation in the direction of the corresponding structures of A. 


leucocephalus. 


MONOSPILUS TENUIROSTRIS, Fischer. 


This species occurred in dredgings from Twin lakes, Toma- 
hawk lake, and lake Julia, Wisconsin. I have also received it 
in collections from Easthamptor’, Mass., and Isle Royale, Mich. 
Herrick reports it from Minnesota. 

In all my bottles cast shells were far more plenty than ani- 
mals. The cast shell shows clearly that the affinities of the 
genus are with Alona. It is well known that the relation — 
of the shell of the head to that of the valves varies greatly in 
the Lynceide. In Alona and allied. genera, aS Acroperus and 
Camptocercus, the suture marking the junction of the shell of | 
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EXPLANATION OF PLATES. 


PLA TEAK: 


| ic. 1. Moina affinis, Birge. Post-abdomen of female. Xx 175. 

=: ‘¢ flagellata, Hud. Post-abdomen of female. x 175. 

3. ‘  affinis. Antennule of male. 150. 

4. << flagellata. Antennule of male. X 150. 

D. ‘¢  affinis. Young female. X 65. 

6 (¢  flagellata. Anterior part of female, showing 
hairs of dorsum of head.  X 65. 


get (¢  affinis. Male. X 65. 
8. ‘¢ affinis. Reticulation of shell. X 250. 
9. ‘“ flagellata. Head of female from above. X 65. 
10.  flageliata. Ephippium. x 65. 
pice h  fagellata. Male. xX 65, 
pays. ‘‘ affinis. Antennules of male from below. X 65. 


melas “ — affinis. Head of female from above.  X 65. 
. affinis. Ephippium. xX 65. 
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PLATE XI. 


Fig. 1. Daphnia Kahlbergiensis, Schdlr., var, breviceps, Birge. 
Female. xX 60. 


2. re breviceps. Apex of post-abdomen, x 250. 
3. a breviceps. Head. xX 65. 
4,5, 7, 8,9. Daphnia longiremis, Sars. Various forms 


of head. X 65. 
6. Daphnia breviceps. Head. - X 65. 


10. Ee longiremis. Female. X 65. 
ately fe longiremis. Post-abdomen. X 100. 
le, $4 longiremis. Female from above. The an- 


tenne in this specimen were shorter than 
is usual 2x0: 
13. a0 microcephala, Sars. Head of female. x 100. 


PLATE XII. 


Fig. 1. Daphnia pulex, var. pulicaria, Forbes. Caudal claw. 


x 250. 

2. i pulicaria. Head of male. x 160. 

3. Be pulicaria. Post-abdomen of female. X 40. 

AO gee pulicaria. Outline of head of female. X 40. 

6. Ceriodaphnia lacustris. Female. Small specimen. 
x 65. | 

i ss lacustris, Birge. Anterior part from 
above. xX 65. 

8. *: lacustris. Head of female showing spin- 
ules... <alvo. 

9. bs lacustris. Apex of post-abdomen. X 1795. 


10. Bosmina obtusirostris, Sars. Young. X 795. 
ti. a4 ce Female. X 75. 


Fig. 
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PLATE XIII. 


Bunops scutifrons, Birge. Small female. x 65. 
Anchistropus minor, Birge. Female from below. X 120. 
66 ‘¢ Claw of first foot. x 260. 

6 cc. Anterior part of valve: xX 120. 

Ke ‘¢ Post-abdomen. X 260. 
Chydorus rugulosus, Forbes. Female. xX 100. 

ee Javiformis, Birge. Cast shell of young 

female. X 100. 

a Javiformis. Post-abdomen. X 260. 

Alona falcata, Sars. Female. X 100. 
ee CL Sars. Head from below. xX 100. 

Pleuroxus hastatus, Sars.. Female. 65. 


Voix, Phx. 
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INTRODUCTION. 


The following paper is the result of the joint work of Mr. 
Mr. O. A. Olson and H. P. Harder, members of the class of 
1895 of the University of Wisconsin, done under my direction, 
and with my aid, for graduating theses in the College of Letters 
and Science. The observations occupied about six weeks of the 
summer of 1894. The first ten days, beginning about July 5, 
1894, were spent in preliminary work, experimenting with the 
dredge and with methods of counting. The last observations 
were made on the 4th of August, and the finishing of the 
counting of specimens occupied about another week. Messrs. 
Harder and Olson did most of the dredging, taking the observa- 
tions, day and night, at regular intervals whenever the state of 
the weather permitted. The observations at 6 and 9 p. m. were 
ordinarily made by myself. The counting and the exceedingly 
wearisome computation of percentages and averages was also 
performed by them. In this latter work Mr. Olson was re- 
sponsible for Cyclops and D. pulicaria, while Mr. Harder did 
the computing for Diaptomus and D. hyalina. Each, however, 
checked the work of the other, so that great accuracy has been 
obtained, both in counting and in computation. Mr. Harder 
was absent after the completion of the observations, while Mr. 
Olson has been in attendance at the University and has 
done much work during the college year. 

The results of the investigation were written up and reported 
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to me by Messrs. Harder and Olson, and have been re-worked 
by myself and put into final shape for publication. Hach gentle- 
man reported upon the species investigated by himself. A large 
amount of detailed work was done, especially by Mr. Olson, 
which does not appear in the following paper. No attempt has 
been made to offer the results of each set of observations. The 
value of statistical work of this kind lies rather in the average 
results obtained than in the record of each single observation. 
It is believed that the use to which this paper may be put does 
not warrant the printing of the very numerous detailed com- 
putations. They are, however, preserved, and can be referred 
to by any person who is interested in the subject. 

The original purpose of the investigation was to determine 
the supposed diurnal migrations of the crustacea, but since the 
results in this direction have been entirely negative, the out- 
come of the work has been to give us a definite idea of the ver- 
tical distribution of the crustacea in the lake during the month 
of July. This may be called their summer position, for it 
should be expressly noted that this position is not a constant 
one during the different seasons of the year. The conditions of 
July apparently obtain through August and the greater part of 
September, but later in the year a totally different and more 
uniform scheme of distribution is developed. The conditions of 
the later spring and of June are not yet known.—HE. A. B. 


LAKE MENDOTA. 


Lake Mendota, in which these observations were made, lies 
immediately to the north of the grounds of the University of 
Wisconsin, which extend for a mile along its southern shore. 
The greatest length of the lake is about 6 miles from east to 
west, and its greatest breadth is something under 4 miles. It 
is partially divided into two basins by points on the east and 
west shores, which leave between them a space of about two 
miles. The smaller or southern basin is about 3 miles in 
length. With the exception of these projections the lake is 
quite regular in form, being without islands and having only 
broad bays with wide mouths. The conditions of life, therefore, 
are substantially uniform throughout the lake. 
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No well developed elevation in the bottom of the lake marks 
the separation into two basins, of which mention has been made. 
From the southern shore the bottom slopes off gradually to a 
depth of from 15 to 19 meters. In passing from this depth to 
the farther basin of the lake, a shoaling of the water amounting 
to two or three meters is noticed in places. Whether this 


shoalinyy, indicating a slight elevation, is constant throughout 


coy, 
the whole length of the lake is as yet unknown. 

About 1 mile northwest from the University buildings the 
water is between 18 and 19 meters deep—the southern portion 
of the deeper part of the lake. Northeast from this point a 
depth of 22 m. is reached in about a miie, and beyond that the 
greatest depth of the lake is probably about 24 m. The greater 
part of the bottom of the lake, therefore, is almost a plain, and 
a very large extent of the water is from 16 to 22 m. in depth. 
This uniformity of depth secures uniformity of biological con- 
ditions. The control observations made at various times, in 
different parts of the lake have shown no noteworthy differences 
in the crustacean life. | 

The place of observation was less than 4-mile from the south- 
ern shore of the lake, and several miles from the northern 
shore. It was about + mile from the nearest land to 
the west, the end of Picnic Point. In spite of this one-sided 
location, the number of crustacea remained substantially the 
Same, whether the wind blew off shore or toward the land. 


THE DREDGE. 


In the construction of the dredge employed in our work, it 
was our aim to provide an apparatus which could be lowered to 
any desired depth, opened and raised through a certain distance, 
and then closed again. It was necessary also to devise one 
which could be made by an ordinary tin or coppersmith. The 
instrument consists of four parts:—the frame, the net, the re- 
leasing apparatus, and the bucket. The general appearance of 
the apparatus is given in Plate VII, and a full-sized section 
through the frame and part of the cover in Plate VIII, fig. 1. 

The Frame.— The frame consists of the frame proper, bearing 
the sliding cover of the dredge, with its supports and guides; 
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the weights for moving the cover, and the attachment for the 
net. 

The frame is 44 cm. long by 23 cm. wide on the outside, 
42 cm. by 20 cm. inside. It is made of brass tubing 1 inch 
square and 1-32 of an inch thick, split longitudinally so as to 
leave one flange —the top one—# of an inch wide, and the 
other 3 of an inch wide. (A, Pl. VIII, fig. 1.) The pieces are firmly 
soldered together so that the flanges project outward. At the 
corners are fastened ears, pierced for the four cords by which 
the frame is hung to the dredge line. - A half-piece of tubing 
similar to that of the frame is soldered across the frame near — 
the middle, so as to leave an opening at one end 20 cm. square. 
Beneath this opening is fastened the net, and this end is called 
the front of the frame. 

To the top flange on the sides of the frame and across the 
front end is soldered a strip of sheet brass 1-32 of an inch 
thick, and about 1+ of an inch wide. (8) This is attached 
close to the outside of the upper flange. Above it is fastened a 
strip of thin spring brass —the guide (() —of the full width 
of the top flange, leaving between it and the flange a deep 
narrow cleft open toward the inside of the frame. In this 
groove the cover slides. I!n the middle of each end of the frame 
is attached a pulley (#), over which pass the cords for moving 
the cover. Just above the front pulley is an eye of wire (G), 
through which passes the cord to the cover, Its purpose will 
be mentioned later. 

The cover is a flat piece of thin spring brass. The sides and 
front edge are not modified at all. The rear edge is bent over, 
so that when closed the cover fits closely over the flange of the 
partition in the middle of the frame. Around the front and 
sides of the cover is soldered a strip of thin sheet copper ¢r 
of an inch thick, and 2 of aninch wide. (#) The inner edge 
of this strip is folded on itself, and attached to the cover so 
that the free edge is parallel with that of the cover, leaving be- 
tween it and the cover a deep, narrow groove, in which fits 
the guide of the frame. On the top of the cover are soldered 
two eyes (J) for the attachment of the weight cords. Ina 
dredge which is to be worked from a large boat it is well to 
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provide an air escape, in the form of a short brass tube at- 
t+ ached to the center of the cover. To this can be tied a cloth 
ube long enough to fall over and close the opening in the cover 
when the dredge is raised. In a row-boat the cover can be 
slipped by hand to allow the air to escape. 

Since the brass of the cover is so thin, it tends to sag in the 
middle of the front, although stiffened by the flange. It is 
well to fasten to the inside of the frame two or three short 
sloping guides (7), which will guide the front edge of the cover 
into its groove on the frame as it closes. 

The attachment of the bag is a circular piece of stout copper, 
20 cm. in diameter on the inside (K ), with a stout wire turned 
into its lower edge on the outside. The net is held in place by 
a collar of sheet copper 2 cm. wide, having at the ends eyes of 
heavy wire, through which a bolt can be passed. The net is 


- slipped over the frame, the collar placed upon it, and drawn 


tight by a screw bolt. This holds the net perfectly, without 
the use of eyelets or similar arrangements, and the net can be 
attached or removed in a minute. This collar is well shown in 
te Vil, fic. 1. } 

The net.—The net is made of fine muslin known as “India 
linen.” The opening of the meshes, while, of course, not per- 
fectly regular, measures about 0.1mm. It permits the passage 
of water quite freely and is not affected by wetting nor does 
the coefficient change with time to an appreciable degree, A 
piece of stout muslin was sewed to the top of the net for at- 
taching it to the frame. In the July observations the net was 
attached directly to the square frame. Later the method de- 


_ seribed above was substituted. There was no difficulty in wash- 


ing the net clean when attached to the square frame, but 
it was much more difficult to shape and fasten smoothly. 

The releasing apparatus (Pl. VII, fig. 1) is a modified form of 
one designed by Prof. C. Dwight Marsh, of Ripon College, Wis- 
consin. It consists of an oblong frame of stout sheet brass 13 
em. long, 11 em. wide, 2.5 cm. deep, divided by a_ horizontal 
partition in the middle. In the center of the top, bottom and 
middle pieces is a hole one-fourth of an inch in diameter, 
through which passes the dredge line. A fork of stout wire 
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passes through holes on each side of these plates. The upper 
two plates are pierced by the branches of the fork, and the stem 
passes through the bottom plate. To the stem below the frame 
is attached a side wire — the weight-pin — which passes up 
through a hole in a lateral projection of the bottom plate 
for about half an inch. This is the hook to which are hung the 
weights for moving the cover. 

The fork for the opening weight is narrower and shorter than 
that for the closing weight. Its branches are 6 cm. apart, and 
project 2 cm. above the frame. The branches of the other fork 
are 9 cm. apart, and project 6 cm. above the frame. The top of 
each branch of the forks is bent at right angles across the 
frame, projecting inwards, so that the messengers which release 
the weights have something more than the ends of the wires to 
rest upon. Both forks are held up by rubber bands, stretched 
from the junction of the branches to the middle plate. They 
can be depressed just far enough to bring the top of the weight- 
pin upon a level with the plate through which it passes, and thus 
allow the weights to become detached. The messengers for re- 
leasing the weights are discs of lead, each with a slot in the 
side and a wire catch, so that it can be slipped on the dredge 
line from the side. The opening messenger is 7 cm. in diame- 
ter, and weighs 275 g. (10 oz.). The closing messenger is 10 
em. in diameter, is perforated with holes to sink more rapidly, 
and weighs 450 g. (16 oz.). The opening messenger is of such 
diameter that it passes between the ends of the closing fork 
and strikes the top of the opening fork, depressing it so as to 
release the opening weight. The larger—closing—messenger 
when it sinks rests on the broader closing-fork and depresses 
it, thus releasing the closing-weight. 

The weighis.—The weights used in working the cover of the 
dredge were at first made of ordinary lead fishing sinkers, 
weighing 4 to 6 ounces each. These were chosen because the 
total weight could easily be altered by adding or withdrawing 
sinkers, aS was indicated by experience in using the dredge. 
When the weights had been adapted they were cast into one 
piece. The opening weight weighs 425 g. (15 oz.) and the 
closing weight 1025 g. (36.5 0z.). The closing weight has to 
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lift the opening weight as well as close the cover. They are 
hung to the dredge by snap hooks, to each of which is attached 
two cords. The first of these is the cover cord, which passes 
through the pulley on the end of the frame, and is fastened to 
the cover. By it the weight opens or closes the dredge. The 


second cord is the releasing cord. This passes through the 
same puliey and is tied to the wire loop to which are fastened 


the cords supporting the dredge, and which attaches the dredge 
to the Jine. It is long enough to be slack when the weight is 
hanging at the full length of the cover-cord. Weight-hangers— 
stout fishing swivels — are attached to these cords at such a 
place that when they are hung on the weight-pins of the release, 
the weights are supported close to their respective pulleys, 


and both cover cords are loose. The opening weight is hung 
to the inner or narrower fork of the release, and the closing 


weight to the outer one. This arrangment of cords is well 
shown in Plate VII, fig. 1, where the weight-hangers are on the 
pins and the dredge is “set.” 

It will be seen that the cover-cord of the closing weight 


Shows a large loop when the dredge is lowered with the cover 


closed. This loop gave much annoyance at first by becoming en- 
tangled, and thus preventing the dredge from opening. The 
difficulty was overcome by an elastic cord attached to the re- 
lease-cord of the opening weight and having at the other end 
an eyelet, through which ran the cover-cord of the closing 
weight. This elastic cord is of such length that it holds up the 


ay 


slack loop of the closing cord when the opening weight is “ set” 


by hooking its weight-hanger on the weight-pin of the release. 


When the opening weight is released the eyelet falls to the 
level of the cover, releasing the closing cord. It must not drop 


far enough to be shut in between the cover and frame when the 


dredge is closed. The eyelet is kept from being drawn into the 
closing pulley when the cover is drawn shut, by the loop of 
wire already mentioned (G, Pl. VIII, fig. 1) through which 
passes the closing cord just before reaching the pulley. This 
arrangement of cords reads as if it were complex. It is really 
simple. The cords do not become entangled, and need no ad- 
justment. The weights can be set by a single movement— 
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hanging the weight-hangers on the weight-pins— which occu- 
pies hardly a second for each weight. 

The bucket.—The bucket consists of three parts, the bucket 
proper and the two pieces by which it is attached to the bag. 
(Plate VII, figs. 2, 3.) Each is made of thin spring brass. The 
two attaching pieces arecylinders. The upper one fits into the 
lower, and is about 6 cm. in diameter and 5 cm. deep. It hasa wire 
to stiffen it in the upper edge. This and all of the parts are lap- 
soldered, so as to avoid a seam. The second or lower cylinder is 
large enough to fit over the upper one, and to permit the net to 
come between them. Each is provided with three equidistant ? 
loops of wire, by which they may be fastened together, and 
the lower one has two pins on opposite sides which fit into the 
bayonet catches of the bucket. The dredge net is drawn down 
inside the upper cylinder and turned up over its exterior; the 
lower cylinder is slipped over it and fastened to the upper one. 
The mouth of the net is thus held firmly between the cylinders, 
and at the same time no projections are left to hold back its 
contents, nor are there any longitudinal folds, if the dredge-net is 
properly fitted to the cylinder. The bucket proper is a cylinder 
of thin brass 6 cm. in diameter and 74 cm. high, with four 
windows in its lower part, each 35 x 4 cm., covered with brass 
wire gauze of .01 inch mesh. The opening of each mesh is 
about 0.17 mm. (.007 in.) in diameter. In the upper edge are 
cut notches for a bayonet catch, by which it is attached to the 
middle cylinder. It slips over the middle cylinder for a dis- 
tance of 3 cm., thus securing a tight joint, so far as the crust- 
acea are concerned. The bottom is slightly conical, and leads 
to a conical tube filled by a rubber stopper, which is put in by 
a wire handle from the inside. There are three legs upon which 
the bucket may stand. In Fig. 2 the upper cylinder is sup- 
ported by blocks upon the second one. 

The dredge as described above. is not to be considered as an 
attempt at a universal self-closing dredge. It was designed to 
meet the conditions of the special problem which we had _pro- 
posed and was found to meet those conditions admirably. 
The advantages of the dredge appear to me to be as follows: 

(1) It is simple, easily worked, and reliable. 
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(2) It is operated by weights, which work positively, and 
does not depend upon springs or wheels, whose action is more 
or less uncertain. - 


(3) It is tight, so far as the crustacea are concerned. The . 


cearseness of the wire mesh of our bucket does not permit us to 
assert that it is equally tight to Peridiniwm and similar minute 
creatures. It would notbe difficult, however, to construct a dredge 
on a similar pattern whose cover should be entirely secure 
against the entrance of any organisms when the dredge is 
closed. 

As disadvantages of the dredge may be mentioned: 

(1) The amount of the weights required for working the cover. 
This, however, is not much greater than is necessary to cause 
the dredge to sink promptly and rapidly through the water. 

(2) The resistance offered by the cover in drawing up the 
dredge, and the time required by the messengers in descending 
to open and close it. These are, however, of comparatively 
slight moment in water so shallow as ours. 

(3) A more important objection lies in the fact that the 
dredge must bé used as a vertical dredge only. The boat 
from which it is worked must be practically stationary, and 
preferably should be anchored. Ifthe boat is drifting through 
the water, the pressure of the water on the cover of the dredge 
so hinders its sliding that a weight which works it perfectly 
when the dredge is vertically suspended fails to open or close it. 
Further, if the dredge line is not vertical, a messenger which 
ordinarily is amply heavy for releasing the weights may fail to 
sufficiently depress the weight-pin. 


METHOD OF USING THE DREDGE. 


The mode of working the dredge is as follows: The dredge is 
hung to the dredge line, and the opening and closing weights 
are hung to their respective supports. The weight-holders are 
hung to the pins of the release, so that the weights are sup- 
ported by the release cords. The cover is slid into place, and 
the dredge lowered. When it has reached the proper depth the 
smaller or opening messenger is sent down the line, It strikes 
and depresses the short fork, releases the opening weight, which, 
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as it falls, pulls back the cover and opens the dredge. The 
dredge is then raised through the desired distance—in our ex- 
periments, 3 meters —and the larger or closing messenger is sent 
down. This releases the closing weight, which pulls the cover 
shut, and in so doing raises the opening weight. The dredge 
is then drawn to the surface. It has been found that there is 
no leakage of crustacea into the dredge during raising. The 
thin brass of the cover is tightly pressed against the frame as 
soon as the upward movement begins, and the guides at the 
edge of the cover present so narrow and tortuous a passage 
that the water does not readily flow through it. Besides, the 
guides are so constructed that the water displaced by the dredge 
flows away from the groove and not into it. An examination 
of the cut (Pl. VIII, fig. 1) shows that the arrangement is such 
that the animals are not likely to come in. In our numerous 
hauls it was found entirely tight, so far as crustacea were con- 
cerned. Many times the dredge was hauled from the bottom of 
the lake through water whose upper levels contained thousands 
of crustacea, and on opening was found to contain perhaps 6 
or even fewer crustacea, with, perhaps a Chironomus or Corethra 
larva. Experimental hauls, sending down and raising the 
dredge when closed yielded uniformly negative results. 

When the messengers arrive at the surface they are detached, 
the dredge hauled up, and the contents washed down into the 
bucket. This is removed and the catch washed into a collecting 
tube, modeled on those designed by Prof. J. HE. Reighard of the 
University of Michigan, made and used as follows: 

The bottom is cut from an eight drachm short homeopathic 
vial, a piece of fine cloth is tied tightly over the neck, and a 
cork fitted to the bottom. A rubber band is piaced upon the 
conical tube of the bucket, so that the collecting tube can be 
pushed tightly upon it. The rubber cork is lifted from its 
place in the bucket, the catch runs out into the collecting tube, 
and the bucket is carefully washed down into the tube. The 
water drains off through the cloth, the tube is detached, filled 
from a large jar of alcohol, and placed in the jar, where it floats 
cork uppermost, and requires no more attention until a con- 
venient time offers. Most of our collecting was done at one 
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depth, yielding six hauls. The collecting tubes were provided 
with corks marked in sets from 1 to 6, so that no labels were 
needed while on the water. - This is often a convenience, especi- 
ally when one is working alone and at night. The tubes are 
shown in Pi. VII, figs. 2, 3. 

The dredge was used from a rowboat. In the bow of the 
boat an upright was stepped like a mast, about seven feet in 
length, having at the top a cross arm, to whose end was attached 
the pulley for the dredge. The small size of the boat caused us 
to lose several sets of observations. When the wind was strong, 
the lake was too rough to permit the boat to.go out, and in 
several sets of observations the waves ran so high as nearly 
to swamp the boat. 

The observations included in Period I were not made at any 


one place since they were experimental in character. All of 


them, however, were made in the same general region as were 
the observations of the later periods. The water, however, 
was shallower in most of these observations than at the place 
finally selected. As a result, only one of the observations of 
Period I extended below 15 m. 

In the last three periods the observations were made at a buoy, 
which was moored in water something over 18 m. in depth, so 


that the dredge cou'd be raised through six levels of 3m. each. 


This distance was chosen because it gave us an interval small 
enough to give a fair indication of the vertical distribution 
of the crustacea, and at the same time large enough 
to bring our observations within a manageable num- 
ber. Each interval is known as a level, and is named from 
the depths between which it lies. The upper level is known 
as 0-3 m. level, and so on to the bottom. A series of six hauls 


of the dredge therefore constituted one complete observation 


called a “series” in this paper. 

In beginning an observation the dredge was lowered to the 
depth of 18 m., opened, raised to 15 m. at the rate of } m. per 
second, closed, and drawn to the surface. In this way the 
work proceeded, passing regularly from the deeper levels to the 
higher ones. The reason for this order lay in the fact that the 
greater number of crustacea were in the upper level of the lake, 
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and it was desirable to pass from a region containing fewer 
crustacea to one containing a greater number, rather than the 
reverse. Any accident in washing out the dredge, by which a 
few crustacea remained adherent to it would introduce a consi- 
derable error in passing from the higher to the lower levels, 
while in passing in the opposite direction the error would prac- | 
tically amount to nothing. Great care was taken in washing 
the dredge, and it is not probable that any appreciable number 
remained adherent to it, but this method was followed to avoid 
any possible error from this source. 


METHODS OF COUNTING AND COMPUTING THE CRUSTACEA. 


The counting and computing were done almost entirely by 
Messrs. Harder and Olson. 

The apparatus employed for counting consisted of a 25 cc. 
glass cylinder graduated to $ cc., a 2 cc. pipette, graduated to 
vo cc., microscope, Shallow crystallizing dishes, troughs, and 
registering cards. 

The trough was made of a microscope slide, to which were: 
cemented four strips of glass by means of marine glue. Thus 
there was formed a narrow and shallow trough, 60 mm. X 6.5 mm. 
xX 2mm., holding about .8 cc. The width of the trough was a. 
little less than the diameter of the field of the microscope when 


a low power objective and eye piece were used. In our counting 


a Leitz objective No. 1 and ocular I were employed. A card 
like the accompanying cut was used in recording the kinds and 
number of crustacea, as well as the level in which they were 
obtained, together with other important observations. The 
method used in counting was simple, and with practice became 
somewhat rapid. The catch to be counted was placed in the 
graduated cylinder, and sufficient alcohol added to make 24 ce. 
This quantity was then thoroughly stirred and shaken, so that. 
the animals and plants were evenly distributed through it. From 
this mixture two quantities of 2cc. each were taken and trans- 
ferred to watch glasses. One of these quantities was counted 
by each of the observers who were at work. From the watch glass 
there was taken and placed in the trough a sufficient amount of 
material to give about 60 or 70 animals of the most numerous, 
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kind. This quantity was found by experience to be the most ad- 
vantageous, since a greater number of animais was likely to cause 
confusion and fatigue in counting, and a smaller number led to 
loss of time. The trough thus filled was slowly moved through 


station Otome, pent 2 
DATE MGS wor PS Am, = 
SKY cu, winn 4./2%. temp. /¥°z 
peptH O- 3 mo. TOTAL DEPTH /S m. — 


CATCH DILUTED TO 2-% ccm. 
Ccom. COUNTED 7 . FACTOR G 


—————————s 


ouaptomus 13.6 /24 . | Z2|/372 
evcors «$6 972. =| Ql OF0 
DAPHNIA PULEX, var. PULICARIA 0 |) gaa 
D. HYALINA . ¥f. Sek AN (02: 
DAPHNELLA BRACHYURA 
LEPTODORA HYALINA 
CHYDORUS SPHAERICUS 
CORETHRA LARVAE 


CHIRONOMUS LARVAE . 


Fig. 1.—Specimen Registry Card. 


the field of the microscope, one species was counted at a time, 
and the number noted. When the entire quantity had been 
counted the results were footed up and compared. In general 
each of the countings showed closely corresponding results. The 
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numbers, while not absolutely the same, were practically equiv. 
alent. An illustration taken at random from the cards may be 
cited: 

July 17,12 midnight. 03 m. 


Observer, H. Diaptomus, 206....... VeSnes DEA A Ci tt Cyclops, 34 

Observer,.\O. “Diaptomius, 216s 35. 5502s ee cole oo cele Cyclops, 25 
: July 27, 12 midnight. 0.3m. 

Obsenver, H, Viaptomus, 146i05 226-2.) ea) aetels ciel Cyclops, 65 

Observer, ©. Miaptomus, 123 o2) was. see. sce see oes ... Cyclops, 79 


This system of checking each other’s work was carried on 
through the entire task, and whenever the numbers obtained dif- 
fered widely from each other a second counting was made, in 
order to secure greater accuracy. | 

The results thus obtained were multiplied by a factor found 
by dividing the total quantity of alcohol by the quantity re- 
moved from the graduate, thus determining the total number 
for the particular level and series. In the heavier catches } 
of the total number was actually counted and the factor was 6. 
It would probably have been better had the quantity of alcohol 
veen so chosen that the factor might have been 10. The selec- 
tion, however, was determined by the instruments at hand. In 
the catches containing but few specimens. as in the 12-15 m. 
and 15-18 m. levels, the entire quantity was counted. Jn the 
9-12 level the catch was diluted to either 16 or 12 cc., and from 
this quantity 4 or 6 ccm. respectively would be counted. 

After determining the number of the smaller crustacea, the 
contents of the cylinder were poured into a shallow crystallizing 
dish, which was placed upon a black tile to facilitate observa- 
tion. All large types, such as Leptodora and the larvae of 
Corethra and Chironomus, were then counted directly. 

After the catch made during any of the periods had been 
counted, the cards were arranged in order, the results were 
posted, and the totals and percentages for the different levels 
were computed. A specimen of a part of such a sheet is given 
herewith. 
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August 1, 1894. 


eee 


| 6. P. M | 9. P. M. 
Diaptomus. ; No. Per cent. | No. Per cent. 
~ ee WANS SS Sn a 1788 41.04 1572 59 21! 
See 8s ce: chalin cvere ayaesSbiay setatss)) sce! 3 prs 1068 24 51 462 17.40 
emer PT 1110 25.48 486 18.31 
asia ee ee | 384 8.81 105 3.95 
ot ee MMe a er ie Mee | 3 07 19 | 72 
eM Prey so FAP Oe Sy U bbe 6 te 4 09 | 11 41 
“shall 1 1 eee | 4357 | BanGpal Wee ac 


After computing the percentage for each series of observa- 


tions, the average distribution of each of the species was de- 
termined for each period and for the entire month. In deter- 
mining these averages the total number of crustacea obtained 
from each level was found and divided by the number of obser- 
vations. The sum of all these results form the base on which 
the average percentages were computed. In this way observa- 
tions could be used which did not form part of complete series, 
and in several cases one or two more observations were included 
in the upper level than in some of those below. The number of 
crustacea, however, was in general so nearly uniform that the 
inclusion or omission of these partial observations made no ap- 
preciable difference in the percentages. 

In determining the averages for the month a similar method: 
was used. Hach series of observations was used by itself, and 
the average for the month is the average for the observations, 
and not the average of the different periods taken as units. 
Since these periods aye unequal in length they have a different 
value in determining the total average, but it seemed to us that a 
fairer average would be reached by taking the observations in. 
this way, rather than by considering each period as a unit. 

Our discussion of results is based rather on percentages of 
distribution than on actual numbers of crustacea per square or: 
cubic meter. This has been done for two reasons: First, the 
coefficient of the dredge was not determined at the time that 
the computations were made, and it was therefore impossible for 
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us to figure our numbers in terms of individuals per square 
meter of area. Secondly, the percentages seemed to us to offer 
an easier and fairer basis of comparison for our purposes than 
‘do the actual numbers. In the case of the more abundant crus- 
‘tacea, the numbers per square meter rise into the millions, and 
care therefore inconvenient for basis of comparison. Again: In 
lakes of different character the total number of crustacea will 
‘vary greatly, so that comparison between lake Mendota and 
-other bodies of water would not be easy. A comparison of the 
percentile distribution of the crustacea is, however, easily made, 
and is or should be measurably independent of the actual num- 
ber of crustacea per square meter. 

In determining the average departure of each obsersaeae from 
the average of the period, the difference between the number of 
crustacea found in each observation and the average for the 
period was determined, and the sum of these departures was 
divided by the total number of observations. In determining 
the average percentile departure in each level a similar method 
was followed. Jn these determinations, however, only those ob- 
‘servations could be used in which a complete series was present. 
‘The average per cent. used for this purpose is therefore some- 
‘what different from the percentage which is given as the aver- 
age of the period, since in that were included partial series of 
observations as well as complete ones. 


METEOROLOGICAL CONDITIONS. 


In planning our work it was thought best to distribute our — 
observations over several periods of two or three days each, ex- 
tending through a month, in order that the distribution of the 
-erustacea by day and night might be tested under different con- 
.ditions of weather, and under different aspects of the moon. The 
‘observations have been divided into four sets, known as periods. 
‘Of these the first, Period I, includes the week from July 7 to 
.July 14, when observations were being made to test the work- 
‘ing of the dredge and our methods for counting. A number of 
observations made at this time were failures for various rea- 
-sons, and were rejected. Nine series, which have,been retained, 
swere successful. They were taken at various times of the day, 


Meteorological Conditions. 437 


but not at regular intervals and none later than 8 to 10 p. m. 


The comparison of these observations with those made later 


showed that they present substantially the same features as do 
the others, and they were therefore included, in order to add to 
the number of the observations in striking an average. 

Regular work began in the period ‘known as Period II, extend- 
ing from 9:30 a. m. of July 16 to12 noon of July 19. During 
this period observations were taken every three hours during 
the day and night, with the exception of two, 6 and9 a. m. of 
July 18, which were omitted by reason of losing the messenger 
for closing the dredge. During this time the weather was ex- 
ceedingly uniform. Most of our notes are marked “calm,” and 
in most cases the water was entirely unrippled. The observa- 
tions of the Washburn Observatory, which is situated on the 
bank of the lake, show breezes not exceeding 5 miles an hour, 
until the last day, when a maximum observation is made of 10 
miles per hour. These breezes were mainly in the nature of 
puffs, rather than a steady wind. The nights were moonlight, 
and the sky was practically without clouds during the entire 
period. The weather was also intensely warm. The thermome- 
ter at the Washburn Observatory reached, on each day, a maxi- 
fmm OF 33.6° C. (92.69 F.) to 35.19% C. (95.3° F.) and a 
moan Of 202° C. (68.4° PF.) to 22.5° C. (72.5° F.). The 
surface temperature of the water was 22° C. at 3p. m. of July 19, 
and rose to about 27° in the hottest part of each of the succeed- 
ing days. At night the temperature of the surface fell to 19° 
or 20°. These are precisely the conditions which Francé indicates 
as causing the crustacea to remain in the deeper part of the 
water. This comparatively long period of intensely hot and 
bright weather was broken at 3 p. m. of July 19 bya thunder 
storm, which surprised the boat upon the lake and put an end 
to work for the day. 

The third period extended from 12 o’clock midnight of July 27 


to 12 o'clock midnight of July 29, thus including two entire 


days. In this period the wind blew mainly from the south, 
southeast, and southwest, the velocities registered at the Wash- 
burn Observatory ranging from 10 to 24 miles per hour. Sev- 


eral of the observations were prevented by wind—those of 12 m. 
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and 3 p. m. of the 27th, and 12m. and 9 a. m. of the 28th 
The maximum temperature of the air was 33.3° C, (92° F.) 
on July 27 and 30° C. (86.2° F.) on July 28. The minimum tem- 
peratures were 23.2° (73.8° F.) and 21° (69.9° F.) respectively. 
The temperature of the surface ranged from 18° at night to 
20°-22° C. in the middle of the day. The wind in this case 
blew from the nearer shore, the buoy being placed not quite a 
half mile from the southern shore of the lake. The nights were 
dark, somewhat hazy and cloudy. This period and the fourth 
would have been made longer except that it became plain that 
the distribution of the crustacea was essentially the same as in 
ered: 

In the fourth period, extending from 6 a. m. of August 1, 
to 9 a. m. of August 4, the wind was in the north and north- 
west, and was so heavy as to interfere with observations. No 
observations were made after 9 a. m. of August 2 until 9 a. m. 
of August 3. The wind at this time was not too heavy to per- 
mit a large boat to go upon the lake, but as our observations 
were made from a rowboat, it was impossible to make them 
when even a moderately strong wind was blowing from the 
north. The temperature reached a maximum of 31° C. (88° F.) 
on the Ist of August, and of 21° (70.5° F.) on the 3rd, with a 
minimum of 20° (69° F.) on August 4 and of 8.8° (47.9° F.) 
on August 3. The effect of the long continued and somewhat 
heavy north wind was apparently to distribute the crustacea 
over a greater depth. It will be seen from the tables that the 
average catch for the 9-12 m. level was considerably increased. 
Below 12 m. the wind had no appreciable effect. During this 
period the nights were dark. 

It thus appears that the last three sets of observations 
covered a great range of meteorological conditions. In Period 
Il the weather was calm and bright and the nights were 
moonlight. In Period III the wind was from the south, the 
weather the ordinary summer weather, and the nights dark. In 
Period IV the weather was distinctly cool, the wind was from 
the north, and the sky in both of the later periods was somewhat 
ciouded. With the exception of the influence of the wind, of 
which mention has been made, no effect upon the distribution of 
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the crustacea could be traced to these varying conditions of the 
weather. It is worth noticing that the number of crustacea 
obtained was not to any notable extent affected by the direction 
of the wind. Since our buoy was placed about } of the distance 
across the lake, it might reasonably have been expected that 
the pelagic crustacea would be decreased in number by a breeze 
blowing from the nearer shore, and possibly somewhat increased 
by a wind from the farther shore. No such effect, however, was 
observable and indeed the number of crustacea obtained in the 
last period, when the wind was from the more distant shore, 
was smaller in all species than the number obtained in the pre- 


ceding series, when the wind was from the nearer shore. 


GENERAL DISTRIBUTION OF THE CRUSTACEA. 


Altogether 59 sets of observations were counted, and are 
made use of in determining the average of the distribution otf 
erustacea for the month. The number of observations varies 
somewhat in the different levels. Forty-nine observations only are 
recorded for the lowest level, 15-18 m., for reasons indicated 
above. In each of the upper levels, except the upper, from one 
to three observations were lost by various accidents. In one or 
two cases the dredge did not open or close properly, thus vitiat- 
ing the observation. In one or two cases the contents of the 
dredge were partially lost, thus making it impossible to count 
them. However, the general uniformity of observations is such 
that no noteworthy change would be made in the results if all 
the sets of observations had been perfect. In the last three 
periods observations were taken at intervals of three hours dur- 
ing the day and night. The times selected were midnight, 3 
a. m., 6 a. m., etc. The observations taken at 9 p. m., mid- 
night, and 3 a. m. are reckoned as belonging to the night. 
Those at the other hours are reckoned as belonging to the day. 
In July, of course, the hours of 6 a. m. and 6 p. m. are fully 
within the daylight hours. Had there been any diurnal move- 
ment of the crustacea these observations would have been 
treated by themselves, but since the day observations do not 
differ in any marked way from those made at night, the 6 a. m. 
and 6 p. m. series are included and averaged with those of the 
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day. Of the 59 sets of observations, 33 belong to the day and 
26 to the night. The number is about equal in each of the 
periods, except Period II, where the numbers are 15 for the day 
and 9 for the night. In any considerable series, this discrep- 
ancy in numbers would, of course, be present, since five of the 
eight daily observations are credited to the day. 

Six kinds of crustacea were regularly present in the dredge: 
Diaptomus oregonensis Lillj.; Cyclops leuckarti Sars; Cyclops 
brevispinosus Herrick; Cyclops pulchellus Koch; Daphnia hyalina 
Leydig; and Daphnia pulex, var. pulicaria, Forbes. These were 
present in very unequal numbers. On the average during the 
month the dredge caught 6556 crustacea in eachseries of hauls from 
the six different levels. Of these, 64 per cent. or 4221 were Diapto- 
mus; alittle over 2000 or 30.5 per cent. were Cyclops, including 
all species; 222 or 3.3 per cent. were D. hyalina, and 103 or 
1.5 per cent. were D. pulicaria. The tables which accompany 
this paper show the average number and the variation of 
each of these crustacea in the different periods. It may, in 
general, be said here that Diaptomus was always by far the 
most numerous, ranging from 53 per cent. to 79 per cent. of 
the total catch, but declining somewhat both in absolute num- 
bers and in percentage in the later series of observations. 
Cyclops ranged in the different periods from 13 to 40.5 per cent. 
of the catch, increasing in percentage in each period to the 
end. This increase in numbers of Cyclops continued later in 
the year, until the latter part of October or the first of Novem- 
ber, while Diaptomus fell off rapidly in numbers during August. 
D. hyalina constitutes from 2.3 per cent. to 6.4 per cent. of 
the total catch. Its numbers were about stationary during the 
month, but showed later a rapid and very great increase. It 
became the leading crustacean, as the species reached in October 
a maximum catch of over 8000 individuals in a single series of 
hauls. D. pulicaria in the first three periods yielded between 
1.5 and 2 per cent. of the entire catch, with an average of 125 
individuals, while in the last period it gave only about .3 per 
cent., averaging 18 individuals. Later this species practically 
disappeared entirely from the lake, so that it is probable that 
we are here dealing with the last of its development. 


A. 
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The crustacea were far more numerous in the upper part of 
the water than in the deeper levels. Nearly one-half of the entire 
eatch was found in the upper 3 m. The average for the month 
from this level was 48.6 per cent., ranging from 41.75 per cent. 
to 57.6 in the different periods. The 3-6 m. level contained on 
an average about 30 per cent. of the total number of crustacea, 
and the 6—9 m. level about half as many, 15.3 per cent. On 
an average, then, the upper 9 m. of the lake contained nearly 
94 per cent. of the total number of crustacea. This distribu- 
tion was maintained with great regularity. Very few observa- 
tions showed any great number of crustacea below 9 m., and 
these were almost wholly confined to the 9-12 m. level. The 
number found in this level varied very greatly, ranging in the 
case of Diaptomus from 2 to 570 in different observations. Most 
of these crustacea were probably in the upper part of the level, 
and everything indicates that the densely populated portion of 
the lake is of somewhat varying thickness, as would be expected. 
The crustacea apparently stopped rather abruptly either some- 
what above or somewhat below the 10 m. level. On the average 
during the month 5.4 per cent. of all of the crustacea were 
found between 9-12 m., the averages for the different periods 
ranging from 3.7 per cent. in Period II, when there was almost. 
no wind, to 7 per cent. in Period IV, when the lake was very 
greatly disturbed. Below 12m. practically no crustacea were 
present. Only .8 of 1 per cent. of the total number was found 
between 12 m. and 15 m., and only .1 of 1 per cent. between 
15 m. and18 m. Observations in the deeper parts of the lake, 
down to 22 m., made for purposes of control, showed similar 
conditions. We may therefore conclude that practically all of 
the crustacea during July are contained in the upper 12 m. of 
the water, and that more than 90 per cent. of them will be 
tound above the 9 m. level. This distribution apparently con- 
tinues throughout August and the early part of September. 
Later in the year, as the temperature of the lake falls and _ be- 
comes uniform, the distribution changes, and the crustacea_ be- 
come pretty uniformly distributed throughout the whole depth. 
In general, this new distribution continues, though more or 
less irregularly, throughout the winter and into the spring, but 
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no observations as yet show the time when this very distinct 
tendency of crustacea toward the upper part of the water begins 
or the date at which it has become established. 

In observations made on lake Plén, and printed in the 3d Report 
of the Biological Station (p. 137), Zacharias gives a few obser- 
vations regarding the number of crustacea and their distribution 
in depth at that lake. He finds that Cyclops is in September by 
far the most numerous genus, having a maximum number of over 
400,000 per square meter of surface. In August, however, he 
notes that only 140,000 per square meter was present. As the 
opening of our dredge was #5 of a square meter, the average 
number of this genus caugbt by us during July would be at the 
rate of 50,000 per square meter and the maximum would be over 
136,000. Since the coefficient of the dredge can hardly be lower 
than four, the number of Cyclops per square meter of surface is 
not smaller in July in lake Mendota than that noted for August in 
the far-deeper lake Plén. No figures are given by Zacharias for 
Diaptomus, which was our most numervuus species. Bosmina he 
finds abundant, while no pelagic Bosmina or Ceriodaphnia has 
been found in lake Mendota. Hyalodaphnia is present in very 
large numbers, ranging from 62,000 to 94,000 per square m. 
A corresponding species of Hyalodaphnia is found in lake Men-~ 
dota in July and later in very small numbers. Only a few scat- 
tering individuals were noticed in our counting, the number being 
quite too small to use in the study of the crustacea. 

In observations on the crustacea from different depths, Zach- 
arias found the crustacea distributed as follows: 


August 19. eine Copepoda. | Bosmina. Aug Cone 
A= OWA? SRA Meira cea sai: 540 840 150 690 690 
A) =O RIN aidan. Ree ae ce) Meares wr aliess 510 1,350 100 2, 190 1,£00 
Q0—40m.. 660 1,620 | 100 3,510 1, 320 


These figures indicate that almost or quite all of the indi- 
viduals of Daphnia and Bosmina were confined to the upper 10 m., 
and so far his observations agree substantially with our own. 
They indicate also that the Copepoda extend to very considerable 


va 
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depths. About 15 per cent. of the Copepoda were found in the 
first observation below a depth of 20 m. and about 32 per cent. 
between 10 and 20 m. On Aug. 31 the proportion found in the 
deeper levels was much increased, the upper 10 m. containing 
Jess than 20 per cent. of the crustacea while more than 4 were 
between 20 and 40 m. In the second observation no specimens 
seem to have been found at a depth below 20 m. If these few 
observations represent the average summer conditions in lake 
Plén, it is obvious that the Copepoda extend to far greater 
depths than in lake Mendota, since deeper hauls here would have 
added few or no crustacea to the number obtained in the upper 
10 m. No reason can at present be assigned for this difference 
in distribution, but the fact of the difference is sufficient to show 
that each lake demands careful individual study, if we are to 
form any correct idea of the actual condition and distribution of 
life in it. This fact is still more clearly indicated by Francé’s 
observations on the diurnal movement of the plankton of lake 
Balaton, to which more extended reference is made in another 
part of this paper. 

No diurnal movement is clearly disclosed by our results. This 
question is discussed in detail for each of the crustacea, and the 
general conclusions are stated in connection with comments on 
Francé’s paper. 

In the following tables, A to D show in the columns headed 
“No.” the average number of crustacea caught in each period 


from each level. The column headed “per cent.” shows the per- 


centage which that number constitutes of the total number of 
crustacea obtained from that level, or, in the bottom line, the 
percentage of the total catch which the particular species fur- 
nished, The last columns show the total number from each 
level, and the per cent. of the entire catch which the number 
from each level constituted. Table E shows the same facts 
for the entire month. Tables F and G bring together the per- 
centile relations shown in the preceding tables. 
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TABLE A—July 7-14—Perriop I—9 Series. 


DEPTH. Diaplomus. Cyclops. D, hyalina. ||D. pulicaria. TOTAL, 

Meters. No, |Per vi No. Fer ot ct.|} No. |Per ct.|| No. |Per ct.|| No. \Per ct. 
ES ee 1860 | 84.01 234 10 57 119 5 37 1 05 |] 2214 45.68 
D=-OL sunt 1201 | 83.87 154 | 10.75 73 | 5.09 4 28 || 1432 29.54 
ee eee 593 | 72.382 fan | 167 63 | 7.68 | 27 3 29 820 16 92 
a - eere 120 | 41.78 71 | 26.49 44 | 16.42 33} 12.31 268 5.53 
a Oe Manor 1 20.00 28 | 31.11 10, teat a1 34 | 37.78 90 1.86 
JONG ni 8 sik 16 69 56 2 8.70 13.03 2 8.7 £3 48 

Total...... 3808 | 78.56 || 626 | 12.92 |) 312 ae 6 44 44 | 401) 2.08 || 4847 Ber 


TaBLE B—July 16-19—PeEridp II—24 Series. 


DEPTH. | Diaptomus. Cyclops. D. hyalina, |\D. pdlicurtan TOTAL. 

Meters. No. | Per ct.|} No. | Per ct.'| No. | Per ct.|| No. | Per ct.|} No. | Per ct. 
(Geese et res Bee ale 2675 75.6 798 22.5 61 iste 3 ,08 || 3537 57.6 
Cee eet 11383 68.5 463 28 47 2.9 9 5 1652 26.9 
GOR Bar) ee ser tes 384 57 201 30.6 31 | 5 39 6 655 10.6 
Qa Te te aki 53 22.9 114 49.4 5 2.8 59 aee 231 : 3.7 

{ 

12—-15 tae 3 2 34 54 1 2 25 39 63 1 
51 Sex tans tea 5 83 1 17 0 0 0 0 | 6 1 

Total... ...| 4253] 693 || 1611 | 26.2 | 145 | 2.8 |] 1 | 2 fl o144 | ee 

TABLE C—July 27-29—Periop III—14 Series. 
DEPTH. Diaptomus. Cyclops. D., hyalina. | D. pulicaria. TOTAL. 
ie eal | 
| 

Meters. No. | Per ct.}} No. | Per ct.|| No. | Per ct.|} No. | Per ct.|; No. | Per ct 
| | ee ee eee mer 
ORES Sie a Ae 2271 62.68 |! 1229 | 33.92 123 3.4 0 0 3623 41.75 
ee EP aOR 1831 61.24 }| 1059 | 35.42 95 3.17 5 .17 |; 2990 34.45 
G95 tahoe see 881 59.72 475} 32.20 49 3 32 70 4.75 bie | 17.00 
LE Ae 156 | 28.89 3832 | 61.48 4 74. 48 8.89 '| 540 6.22 
TO 15 eb wc 2 sie 3 6.2 40 | 83.33 | 3 6.25 2 4.17 48 .55 
1D 18 eee eee 1 33.33 .00 0 .00 3 .03 


Total ...... 5143 | 59.26 || 3137 | 36.15 | 274 


3.15 125 1.44 8679 lier 
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TaBLE D—Aug. 1-4—PErRI0op IV—12 Series. 


DEPTH. LDiaptomus. Cyclops. D. hyalina |\D. pulicaria. TOTAL. 


Meters. No. |Per ct. |‘ No. |Per ct. || No. |Per ct. | No. |Per ct. || No. |Per ct. 


Mee =... 1560] 57.5 || 1038) 338.2]| 13] 41// of o |leria| 43.4 
ae 919 | 53.4|| 730| 424 || 69] 4 o| o-|j 1s} 27.3 
2) mis see eso) dea i en) wath 5 4 || 1352 | 21.6 
2 a e2| 50.9 || 187| 42.5 || 16 | 36|| 12) 291.40 | 7 
BIB... -:. | 5| 6 j| 38) 287 o! 0 O16 8 1 
pe S.. 5 PBS 3| 33 (ho dl GN 4.05 N, i9 1 
Total (3408 | 53.3 || 25381 | 40.5 || 2e1| 4.2 UBL S| | Re 


TABLE EK —Average catch and percentage for month. 
se eee en re tee en aE eae Oe ptr Ll 


DEPTH. Diaptomus. Cyclops. D. hyalina, ||D. pulicaria. TOTAL. 

_ Meters. No. | Per ct. || No. | Per ct. || No. | Per ct. || No. | Per ct. | No. | Per ct. 
(2 eee 2229 | 70 863 | 27 94 3 2 06 8188 | 48.6 
i) Se 1257 | 65 612 | 31 66 oot 6 = 1941 | 29.9 
6—9 SO ROCIO ORE 592 | 59 829 | 32 46 4.6 B04) SiHti 1004 | 15.3 

DS) Dee 138 | 36.5 176 {| 48.3 13 3.5 42 | 11.5 364 5.4 
7 Ge Gales 28 | 53.8 2 4 16 | 30.7 52 8 
M16 ooh o's os 4). 57 2] 30 ff 13 0 0 ff Al 


Total...... 4221 | 64 2010 | 30.5 | 222 3.3 103 TEs GEOD Nok sor 


The facts of this table are shown in Pl. VIII, figs. 2-8. 


TABLE F—Percentage of total catch found at each level. 


DEPTH. PERIOD. 

Meters. . it Ts Til. IV. AV. 
(i Seely A SNES REI Ie ea Rene 45.7 7.6 43 41.7 48 .6 
ion. See CRORE ee ee 29.5 26.9 34.8 34.5 29.9 
Re OEE Rey Areca eb Ss 9 Sa st Le 16.9 10.6 15.7 17.0 15.3 
DPS Lae Oe a i 5b Sin il Sak 6.2 5.4 
1125 Ee eat 1.9 1 ff 6 8 
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TABLE G—Tabie showing the percentage ofeach form of crustacea by : 


periods and levels. 


Diaptomus. Cyclops. 

DEPTH. PERIOD. | PERIOD. 

Meters. | val. i?) UCR. | Iv. | aS | Te i I. | avutae 
0—3 84.0 %5.6| 62.68) 57 5 69 10.57; 22.5] 38.92} 38.2] - 96 
3—6 83.87; 68.5| 61.24] 53.4) 65 10.75} 28 | 35.421 | Aaa See 
6-9 2.32} 57 59.72] 52.81 59 16.7 30 ; 32.20; 42.1 32 
9-12..| 44.78] 22.9] 28.89! 50.9! 36.5]| 26.49 49.4' 61.48] 42.5/ 48.3 

| 

12—15..| 20. 2 2g 63 f4c5li B12 | 54 83.33) 37 55,7 

15—18 .| 69.56/ 83 33.83} 55 57 8.70 17 66.67| 33 30 

Av...| 78.56} 69.3| 59.26 53.3) 64 12.92] 26.2, 36.15| 40.5] 30.5 
hice | 
Daphnia hyalina. Daphnia pulicaria. 
DEPTH PERIOD. PERIOD. 
i 

Meters if II III TV. AV I II Til IV AV 

ee 5 37 AG Taal 4.1 3 | 05 08 0.1 0 06 
I ' 

Be Gh 509s 219.) ih Me gh S418 Og 5 AZ 0 3 

69.2715 768 5 | 8.82 |.4.5 4.6 3.29 6 4.W5 4 3.7 

9=72.|>16:42) | 24 V4 | -8.6 25 (te er bea 8.89 | 29 11.5 

(215) tt 4 2 6.25 | 0 4 37.78 3.9 Ave A 30.7 
15—18..| 13.03 0 0 11 14 8.7 0 0 0 0 

Can re ee Buibiinae jab aoe 208 | 2 1.44 3 15 


THE DISTRIBUTION OF THE CRUSTACEA IN DETAIL. 
Diaptomus oregonensis Lill}. 


Number.—This species was by far the most numerous of the 
crustacea taken during July in lake Mendota, and at the same 
time was the species whose vertical distribution was most dis- 
tinctly marked. The average total catch of Diaptomus for the 
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59 sets of observations was 4221 or about 64 per cent. of the 
total number of crustacea. Since the opening of the dredge was 
400 square centimeters, this catch would be at the rate of over 
100,000 per square meter of surface. The co-efficient of the net 
has not been determined, but partial observations show that it 
lies probably near four so that the number of Diaptomi per 
square meter of surface of the lake would average over 400,000. 
The maximum would be nearly 900,000 and the minimum about 
200,000. 

The minimum number caught in a single series of hauls was 
1991, and the maximum, 8703, or a variation between four and 
five fold. The range of variation was, therefore, not so great 
as that noted by Apstein and Zacharias, who speak of a ten 
fold variation in the plankton. It agrees however with the 
numbers noted by Zacharias in lake Plén in 1894. The close 
correspondence in number of sucessive hauls was often very 
striking. As examples may be noted: 


July 16. July 19. 
Sos Li Ja eee ere eee Le Sg is AE OE Oe ES ee ie Pe Pe 5478 
Ee aioe ate nine toed awa eee eek RBOBS NOt MEO ck geet EE Fe RESO aL ee 5072 
oP La ees ee eee PS a,c URE 2/2 [ele Bs trae oS eS aS Ree SUE eens Rete 5039 


The three observations of July 16 did not agree as closely in 
the distribution of the numbers as in the numbers themselves. 
The arrangement in the three upper levels was as follows: 


Depth. 9 A.M. i2 Noon, | 3 P.M. 
Mn. os 
| per cent. per cept. | p-r cent. 
SS Een aoe A St ee 57.3 45.4 | 72.8 
i=) 2 ee Pe ee reer GT na: 87.5 43.7 | 20.8 


| EEE See eel eg Ak Ne am 4.4 528. 6.4 


In the observations of July 19 the disiribution is almost the 


same in each observation. 
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The greatest variations in successive hauls were: 


July 27. | July 19. July 27. 


SPE OM Ao Bat enna otoee aroo |) 12 Midnight. (ccs. «- 8898 | 3: A.M 6: c2 ene eee 4021 
EE BNL iste 5 eee pe im eke eteystereie SARWAN S INE: ico 0 wl cua; eye, hoe rates? 4564.) 6 A.M... eee 8703 
OVA MM yaaa) eds eoeaie Eadeiey 5478 


The last is the only case where one catch is double the 
preceding one. 
Averaging the total catch of the periods, we find: 


EOL OC ea yrs tare aravasca sin, BocaN BO AYERS + ip Su Sle DAIEREG aCe aa eine EAR 3808 
POO GIN re oe rd reves, Bie badge este iia. ea Seu sreeten es sc epctate ees ence SER ee ee 4253 
Period si oa ecclesia kya Sales evap: MOUS! Maher a abavaacl ae Etat ith cates er 5144 
ISTO BI eerie eas oe wicket) a les sles Ge Soe tata ears actin Sey Eee Nene Cop ae sere 3428 - 


In spite of this absolute increase in numbers the percentage of 
Diaptomus to the whole number of crustacea declined, chiefly on 
account of the more rapid increase of Cyclops. In Period I . 
Diaptomus constituted 79 per cent. of the crustacea; in Period 
IT 66.3 per cent; in Period III 57.1 percent. ; in Period TV Gam 
per cent. 

These numbers would indicate that the period of maximum 
number of Diaptomus falls in July. This conclusion is confirmed 
by subsequent observations. Catches made on August 24 and 
25, 3 in number, gave from 1000 to 1500 Diaptomi. After Sep- 
tember 18, when regular observations were resumed, very few 
catches passed 1000, and in October the number declined still 
more. 

A curious fact, for which no full explanation is possible, is 
that the catches made by night average smaller than those by 
day. No cause can be assigned for this at present beyond 
chance. All but one of the exceptionally large catches occurred 
during the day, and although the smallest catch was made at 6 
a. m., most of the exceptionally small ones were made at 
night. The night catches of Daphnia hyalina average some- 
what larger than those of the day. 

Distribution in depth.—As has already been stated, the water 
of the lake at the point of observation was slightly over 18 m. 
in depth, so that it was possible to obtain material from six 
levels of 3 m. each. In the lowest level, that from 15 m. to 
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18 m., almost no Diaptomi were found. The maximum number 
from this level was 13, and in about one-fourth of the hauls 
none were found. The average was 4. The 12-15 m. level con- 
tained scarcely more, having an average of 6 and a maximum of 
15. Nine hauls out of fifty-five showed no result. On July 21, 
seven observations were made in the deeper parts of the lake at 
widely separated points, where dredgings could be made down 
to a depth of 22 m. ora little more. The same conditions were 
found to exist here. Below 15 m. almost no Diaptomi were 
found. The average of the 7 m.,, 15-22, was only about 3, with 
a maximum of 8. Similar observations were made on other 
days, with precisely the same result. It is therefore plain that 
the region of water below 12 m. was practically without 
Diaptomi. On the average more than 99 per cent. of the species 
was found in the upper 12 m. of the lake. 

The 9-12 m. level contained more,— a little over 3 per cent. 
of the whole catch. The number for the whole time averaged 
133, and varied from 2 as a minimum to 570 as a maximum. 
In the different periods the number in this level also varied. 
in Period II the average number was 50, with an average vari- 
ation of 49 per observation. In Period III the average was 157, 
with an average variation of 97. In Period IV the average was 
224, with an average variation of 175. The number of Diap- 
tomi in this level seems to vary with the degree of disturbance 
of the lake, being smallest in protracted calm weather such as 
characterized Period I], and greatest in the stormy weather of 
Period IV. Measured in percentage of the total catch the high- 
est number noted was 12.6 per cent., which was found at 3a. m. 
of August 4. | 

On an average by periods from 92 to 97 per cent. of the 
Diaptomi were found permanently in the upper 9 meters of the 
lake during July. The maximum number found in this region 
was over 99 per cent., the minimum 86.5 per cent. 

The vertical distribution is well differentiated in the three 
levels into which the upper 9m. were divided. In the upper 
(9—3 m.) level was found on the average 52.8 per cent., with 

_amaximum of 80 (J. 17, 9 p. m.) and a minimum of 31 per 
Cent. found on two occasions (J. 27, 9 p. m.; A. 3, 9 a m.). 
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The numbers vary from 984 to 4212, with an average for the 
whole month of 2229. The next level (3—6 m.) contained 
on the average 29.27 per cent. of Diaptomus. The maximum 
was 48.6 per cent. (J. 16, 12 m.), the minimum 16.4 (J. 17, 
6 p.m.). The average number was 1257, the minimum 462, the 
maximum 3244. This level showed on the whole the smallest 
amount of variation. 

The 6—9 m. level varied greatly, as would be expected, since 
it contains the lower part of the densely populated region. Its 
average content was 14 per cent. of the catch, the maximum 
32.5 per cent. (J. 27, 12 midnight), the minimum 3.4 (J. 17, 
6 p.m.). It is noteworthy that in the second and third periods. 
the percentage found in this level at night was far larger than 
in the day, the day average in the second period being 4.8 per 
cent., while that at night was 17.6 per cent. In the third 
period the numbers were 12.2 per cent. and 22.9 per cent. re- 
spectively. In the fourth period the difference was very slight— 
practically nothing, and in the first the day catch was slightly 
larger in percentage, though almost exactly the same in numbers. 

The center of population for Diaptomus, that is the level 
above which 50 per cent. of the animals are found, lay on the 
average just above the 3 m. level, if we assume a uniform dis- 
tribution of the animals in each level. It varied from a depth 
of about 2.4 meters in Period II, to 3.4 m. in Period III, and 
3.3m. in Period IV. The depth seems to depend upon the de- 
gree of disturbance of the water. In calm water the crustacea, 
agoregated nearer the surface, and had a wider distribution in 
stormy weather when the water was disturbed. 

Diurnal distribution.—It will be seen from the accompanying” 
tables and plates that no noteworthy difference exists between 
the vertical distribution of Diaptomus by day and by night. The 
averages of the observations for each pcriod show that there 
was no tendency of the Diaptomi toward the surface by night, 
or sinking by day. A closer study of the detailed results serves. 
to strengthen the conclusions drawn from the average. No 
Single observation shows any tendency toward a vertical move- 
ment in this direction. In the middle level (3-6 m.) the day and 
night observations are close together—practically identical— 
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while there is nearly ten per cent. difference in favor of the up- 
per level in the day and the 6-9 m. level at night. In view of 
the small number of observations this indication of a nocturnal 
descent should not be pressed, especially as the greater part of it 
is due to one of the four sets of observations. In Period II, when 
the lake was exceptionally calm, the day observations, fifteen in 
number, gave 68.4 per cent. in the 0-3 m. level, but only 4.84 
per cent. in the 6-9 m. level. The night observations gave 51.75 
per cent. and 17.6 per cent. respectively. Not only is this true, 
but every one of the night observations in the 6-9 m. level 
yielded numbers greater than any of those taken by day. One 
can hardly resist the conclusion that there is a tendency to the 
surface by day. The nights in this period were moonlight and 
cloudless. These facts are graphically shown in PI. IX, fig. 2. 

Even when tke whole month is taken into account, there 
are in the 6—9 m. level only 8 of the 32 day observations 
which are above the average for the month, while only 4 of the 
26 night observations are below the average of the month. In 
the 0-3 m. level the distribution on each side of the average of 
the month is more nearly equal, since there are in the day obser- 
vations 14 below the average and 19 above it, and in the night 
observations 19 below and 7 above the average for the month. 
All of the exceptionally large catches in the upper level were 
made by day. There were 12 cases, a little over 20 per cent. of 
the total number, where more than 65 per cent. of Diaptomus 
occurred in the upper three meters. All of these were found 
by day. There is thusaclear indication of a rise of Diaptomus 
by day, but it is plain that the tendency is not strong and is 
easily overcome by wind, etc. 

The observations of Period I, 5 day and 4 night, all in the 
early part of the night, show a slight excess in the upper level 


* at night,— an excess of 2.2 per cent. of the whole number of 


Diapiomus. Period II shows a day excess of 7.85 per cent in 
the 0-3 m level, and of 10.8 per cent. by night in the 6-9 m. 
level. In Period IV the night shows an excess over the day of 
3.54 per cent in the U-3 m level. These numbers while not 
decisive of any marked movement, are conclusive against any 
considerable sinking of the crustacea by day. 
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STATISTICS OF DIAPTOMUS. 


Tables H and I show the average catch, the percentile dis- 
tribution, and the average for day and night for the month and 
for each period. The percentile relations are shown in Plate 
IX, the distribution by day and ight in Pl. X, fig. 1. 


TaBLE H—Results for the month. 


DEPTH. AVERAGE. Day. NIGHT. 
So ——= a | 
Meters. No. lPer cent.|| Obs.| No. |Per cent.|} Obs.| No. |Per cent. 
po | 
{ 
Oa 3) on baa. 59 2229 52.80 33 2589 56.71 26 ides 46 .83 
S60 eae 57 1256 29.27 31 1379 30.20. 26 1111 29.34 
GO ear ee 58 592 14.02° 32 475 10.40 26 9735 19.41 
2 ee eee 56 133 8.15 30 112 2.45 26 157 4.14 
12—15 55 6 14 31 6 US" 24 6 15 
15 —18 esse 49 | 4 09 27 4 08 22 4 10 
Metals acs Sarre eee | RE: ASEB | sake 3786 |...... Aa 


TABLE [—PeErRiop I-July 7-14—9 Series (5 Day, 4 Night). 


DEPTH. AVERAGE. | Day. NIGHT. 

Meters. No. Per cent. No. Per cent, No. Per cent. 
0—3 1860 47 9 1726 47 89 2028 50.01 
B= not terest: 1201 31.6 1174 a2 Dt 1228 30.28 
69 NE ee 593 15.6 591 16.39 596 14.69 
9—12 120 3.1 85 2.35 163 4.00 

| 
12—15 18 a4! 16 44 | 20 49 
NG heas S eas 16 4 12 33 20 4) 
a | (| fe ee ee ee eS ee aa ee 
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Preriop IIl—July 16-19—24 Series (15 Day, 9 Night). 


DEPTH. | AVERAGE. Day. | NIGHT. 

Meters. No. | Per cent. No. Per cent. No. Per cent. 
= eee 2675 62.9 | 3136 68.41 1915 51.75 
2 =e 1133 26.6 1198 26.13 102t 27.69 
BO ea eases aes 384 9. 222 4.84 652 | 17.60 
BD ceils ee. 2s 53 12 18 39 99 2.68 

722 6 A 3 .08 +: 08 3 08 
15-18 5 13 6 13 5 13 
Bota’ 2.-./...'. PEA eae enews: BORAT 2 wiacee ns t 3698 | A Det bil Fe 


Prriop IlI—July 27-29—14 Series (7 Day, 7 Night). 


DEPTH. | AVERAGE, Day. | NIGHT. 
Meters. . | No Per cent. xo. | Percent Per cent, No. Per cent. 
‘ 
ee eee eee 2271 44.16 2706 47.49 1836 39.64 
Se OPE ot ce 1831 85 60 2169 38.06 1544 33.36 
(SUE ae eee 881 17.13 690 12.10 1060 22.90 
pL ES Ae reap 156 3.03 127 2.22 186 4.01 
ey ta cicersla os 3 06 .08 1 .02 
Mt Beret eee wees 1 02 z| 01 1 .02 
Bide ee od 5698 Bie ne ey a LM | eine 


PeRiop 1V—Aug. 2-4—12 Series (6 Day, 6 Night). 


DEPTH. AVERAGE. | Day. NIGHT. 
Bins | TS 
Meters. No. Per cent, No. Per cent. No. | Per cent 
ELD | eee eee Ses ee eae nace 
Oe Bia teers os as 1560 45 51 1805 - 44.07 1316 47.61 
pe 919 26.81 1178 28.76 || 661 23.95 
TO eta ee 715 20.86 795 19.34 636 23.01 
ee Ui refs atetate ate « 224 | 6.53 | 807 7.49 142 5.13 
‘2 ee 5 15 5 12 5 | 18 
1 [= ko ae ae 5 15 5 m2 5 .18 
Total 250 ee ns |e ea ee | a eee 
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In Table J the column headed “variation” shows the average — 
departure of a single observation from the mean. The column 
headed “per cent.” shows the average per cent. which the num- 
ber obtained from any given level constituted of the total num- 
ber caught. It is not exactly the same as that given in the 
preceding tables since only the complete series could be used in — 
computing it. The next column gives the variation in per 
cent. of the whole number caught. Thus in Period III the 
catch from the 0-3 m. level was on the average 44 per cent. 
of the entire number with an average departure of 9 per cent., 
or from 35 per cent. to 53 per cent. Succeeding columns show 
that the range was from 74 per cent. to 31 per cent. The day 
and hour of maxima and minima are given to show the irregu- 
larity of distribution. The averages for the month are not 
given because of the increase or decrease of the number of crus 


tacea. 
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Cyclops leuckarti Sars., Cyclops pulchellus Koch., and Cyclops 
brevispinosus Herrick. 


The three species of Cyclops named above stood second in num- 
ber among the pelagic crustacea of July, averaging 30.5 per 
cent. for the entire month and increasing from 13 per cent. in 
Period I to 40.5 per cent. in Period IJ. They were counted to- 
gether, as no considerable difference in their vertical distribu- 
tion appeared, and as it was difficult or impossible to distin- 
guish the species from each other under a low power of the 
microscope. Observations made later in the year seem to show 
that Cyclops leuckarti was more abundant at greater depths than 
was Cyclops brevispinosus, but no sufficient number of observa- 
tions have been made to warrant a positive opinion. In all cases 
Cyclops brevispinosus was the most abundant, and ordinarily 
there were several times as many of that species as of the others. 

Number of Cyclops.—The average number of Cyclops caught in 
each series of hauls for the entire month was 2010. The area of the 
dredge was 3; square meter, and its co-efficient probably about 
four, indicating a number of Cyclops of 200,000 per square meter 
of surface. The greatest number obtained was 5460 (J. 27; 6 
a. m.). The smallest number was 176 (J. 10; 8 p. m.). The 
variations in successive hauls were somewhat smaller than was the 
case in Diaptomus. The greatest variations observed in succes- 
Sive catches were: 


PURER sgtOe Seay it cys as re ay este stata 8 S'e Ana cra ohatcha oe Is Shae eye Dionne 0's. Giese & Seals ein 4 Ace 2945 
RNPER ye Un OAR VN cite car elses twale'aa vit oleate Caw tc'ata, Ved eleelalaihthesim oaia dials a bie a sie'e -s- 5460 
July 27,9A. M...... S guea Sino S Become Raids Sees Toit BaRrHiA IgGs Eee cate eS Une eter ree 3036 


This exceptionally large catch of Cyclops coincided with a 
similar large number of Diaptomus, and the number found was 
unusually large at all of the 4 upper levels (0-12 m.). The least 
variation in number was obtained in 4 consecutive catches on 
July 18, from noon to 9 p. m., the numbers being 1384, 1395, 
1381, and 1397, respectively. It may, however, be added that 
in these 4 catches the distribution in the different levels was 
quite different. The number caught in the 0-3m level ranged 
from 498 to 906; in the 3-6m. level, from 222 to 540; in the 
6-9 m. level, from 140 to 336. Thus while the total number of 
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crustacea remained the same the density in different portions of 
the water was quite different. 

The average number of Cyclops caught in the different peri- 
ods greatly increases in the later periods over the earlier ones. 
The catch was as follows: 


Average. | Minimum. | Maximum 


TST Ae ELOY oa a AN GUE Bel Aa ee 8 es 626 176 1006 
Teas BRL ORNS RAL AN WAS Some WA Sure ti 2 12) Raye 1614; > 836 3087 
Peniod: lit fhy oe Oe ety i al Oey Se Ee * 3147 1800 5460 


PGT HOG TE Vie Bo oe A eet SA asec Ine Bat 2581 1336 4683 


It is thus evident that the number of Cyclops was increasing 
during the month of July. The percentage of Cyclops in the 
total number of crustacea caught during the month was 30.5. 
In Period I, Cyclops averaged 13 per cent. of the total crustacea,; 
in Period II, 26.2 per cent.; in Period III, 27.4, and in Period 
IV, 40.5. This conclusion is confirmed by observations made 
later in the year. Three catches made in the latter part of 
August gave an average of more than 3000, and a maximum 
of more than 6000 Cyclops was reached in the latter part of 
September and the first part of October. Observations made 
in the upper levels of the water on the 23d of July, for the pur- 
pose of testing the horizontal distribution of the crustacea, 
showed a large increase of Cyclops above the observations of 
the 19th, indicating apparently the development of a new gen- 
eration of Cyclops at that time. The falling off in number of 
Period IV, as compared with Period III, is probably not sig- 
nificant of any real change in the average number of the species. 

Vertical distribution.—In general the distribution of Cyclops 
agreed closely with that of Diaptomus, as may be seen on the 
accompanying plates and tables. The percentage of Cyclops in 
the upper level is not so great as that of Diaptomus, and the 
number found in the lower levels is somewhat greater. Yet the 
distribution of the two species agrees quite closely, as Pl. 1X 
shows at once. The upper 9 m. of the lake contain on an 
average from 78 per cent. to 93 per cent. of the total number. 
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The minimum percentage in the upper 9 m. was 67.6 per cent. 
(J. 10, 8 p. m.) and the maximum 99.33 per cent. (A. 2, 3 a. m.). 
The catch from the lowest level, that from 15 m. to 18 m., 
contained on an average two specimens of Cyclops, with a 


maximum of 10, and a minimum of 0, which last result was 


- found in about a quarter of the observations. The next level, 


12-15 m., contained on the average 28 Cyclops, with a maxi- 
mum of 73, and a minimum of 1. Diaptomus had in this level 
a maximum of 13. The average percentage of this level was 
about 1.4 per cent. of the entire number of Cyclops, The 
9-12 m. level contained on an average 176 specimens, with a 
maximum of 723 and a minimum of 1. The average percentage 
in this level was 8.77 per cent. For the entire month, there- 
fore, just about 90 per cent. of the Cyclops were found in the 
upper 9 meters. This distribution of Cyclops was true for the 
deeper parts of the lake, as was a‘so found in the case of Diap- 
tomus. In observations made on the 21st of July, the number 
of Cyclops found between the depths of 15 and 22 m. ranged 
from 0 to 9, with an average of about 2. 

In the upper 9 meters of the lake the distribution was 
much as for Diaptomus. In the 0-3 m. level the average number 
was 683, with a maximum of 2340 (A. 4, 6 a. m.) anda minimum 
of 30 (J. 10, 8 p. m.). The average percentage of the total 
catch found in the upper level was 43, with a maximum of 66 
per cent. (J..18, 6 p. m.) and a minimum of 17 per cent. (J. 
10, 8 p.m.). In the 3-6 m. level the average number was 612, 
with a maximum of 1944 (J. 28, 3 a. m.) and a minimum of 60 
(J. 10, 8p. m.). The average percentage was 30.44, with a 
maximum of 59 per cent. (J. 28, 12 p. m.) and a minimum of 
16 per cent. (J. 14, 8 p. m., 18, 6 p..m.). The average number 
for the 6—9 m. level was 329 with a maximum of 1146 (A. 2, 
6 a. m.) and a minimum of 29 (J. 10, 8 p. m.) The average 
per centage was 16.35, the maximum was 46 per cent. (J. 9, 7 
p. m.) and the minimum was 5 per cent. (J. 28, 12 p. m.). 

Diurnal distribution.—In general, Cyclops shows the same facts 
of distribution by day and night as does Diaptomus, but the 
differences in distribution are not quite as plainly marked as in 
that genus. If we compare the results for the entire month, we 
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find that the upper level contained somewhat more Cyclops by 
day than by night, the percentage found in the 0-3 m. level 
being 44.75 per cent. by day and 39.64 per cent. by night. 
The percentage found in the 3-6 m. level was almost the same 
in the two cases, being 30.81 per cent. by day and 30.05 per 
cent. by night. The 6-9 m. level showed, of course, a smaller 
number by day, 15.08 per cent., and a larger number at night, 
18.55 per cent. These numbers are, however, not large enough 
to show decisively any migration of the crustacea. In the 
different periods much the same differences in diurnal distribu- 
tion are noticed as for Diaptomus. In Period I, the number 
found by night in the 0-3 m. level is slightly greater than by 
day, but the difference is so small as to come well within the. 
limits of error. In Period II, the day observations show a very 
considerable excess, having 52 per cent. of the total catch, while 
the night observations show only 44.5 per cent. A difference 
still greater was found in Period III, where the day observa- 
tions gave 42.75 per cent. in the upper level, and 33.09 per cent. 
by night, This last difference is greater than the difference of 
Diaptomus for the same period. In Period IV, the night 
catches show a slight excess over the day catches, the upper 
level containing 39.44 per cent. by day and 43.7 per cent. by 
night. It is clear that here are no indications of a descent of 
the crustacea by day and also that they do not indicate an as-— 
cent by day as plainly as does Diaptomus. If there is any 
diurnal migration of the crustacea, Cyclops would probably not 
show it as distinctly as Diaptomus, since its power of loco- 
motion are so much smaller. In Period I, while the number in 
the 0-3 m. level at night was somewhat larger than that by 
day, the number in the 9-12 m. level was also considerably 
larger by night than by day. The number of specimens and 
the number of observations in this period were both so small 
that chance would play a considerable part in the apparent dis- 
tribution of the crustacea, and the night observations were 
all made earlier than 10 p. m. 

Center of distribution.—The level above and below which lay 
50 per cent. of the Cyclops varied somewhat during the month. 
In Period I it lay at 4.54 m. below the surface. In Period II it 
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was at 3 m. almost exactly. In Periods III and IV it was 
between 3.9 m. and 4 m. 

Horizontal distribution of Diaptomus and Cyclops.— On July 
23 and 31 two series of observations were taken in the 0—3 m. 
level at widely separated parts of the lake, in order to get some 
idea of the horizontal distribution of the crustacea. The num- 
ber of Cyclops and Diaptomus in these catches was determined, 
with the following result: 


July 23. 
SE LOUURUSHI Rapa he.) falatsinvorare\Maein o pvelsitie ea; aistaistaieie 8600 4210 8280 3320 3540 2620 
Cuclops..... BS Be iavavatecefais ale tess ea Mes Spicer etree 1060 2620 2550 1760 8690 2330 
July 31 
PDD OTL IES nasa care wat rata ates he sieves. ee cinlas ei eaaee eee eed 2320 1750 1860 1190 3870 
ME CLOT Seat Nets cai) ict ais afofays oi sobs siotnieleisialan “els sla(e/eiel siete timate) ! 1300 1490 1110 900 1010 


These numbers vary in much the same way as do the succes- 
Sive observations made at the buoy both as to actual numbers 
and in the relative numbers of the two genera, and it is there- 
fore probable that the place selected for our observations fairly 
represents the average conditions of the lake. Two successive 
observations were taken at the buoy at this time with the fol- 
lowing result: 


DP EONULSH arene saree 5 Mae Hae wa aeiie eps Seca aeetes Ve ata, dice tne Benne Scent Aa rasan 2400 2440 
CL CLOD SEP EE SARL me TON ore T olerearereoaict oleate Wegs' Ca giiams cam ops Acta lates val ieee 1256 1250 


These results show an agreement quite as close as could be 
expected. The numbers are larger than the average, especially 
those of Cyclops. 
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STATISTICS OF CYCLOPS. 


TABLE K—The average catch and the percentile distribution of Cyclops 
by day and night, for the month. 


DEPTH. AVERAGE. | Day. | NIGHT. 
| 
Meters. No. Per cent. | No. | Per cent. No. Per cent. 
MEBs iccm cos Gots oe 863 42.96 997 44.75 682 39.64 
BO) ees thise tae 612 30.44 686 50.81 517 30.05 
GO de eras cae 329 16.35 336 15.08 319 18.55 
ea te oe 176 8.77 181 8.11 171 9.92 
Np 22. edie vic 28 1.38 26 1 17. 30 1.74 
UB entices Sieh 2 10 2 .08 2 13 
ane eae pee 


Dart Weare 2010 | eter 2228 oe 7 


The facts of this table are represented in Pl. X, fig. 2. 


TaBLE L—Average, and day and night distribution by Periods. 
Periop I.—July 7-14. 


DEPTH. AVERAGE. DAY. NIGHT. 
Meters. No. Per cent. No. Per cent. No. Per cent. 
OABT ae es < 234 37.38 233 36.24 || 286 38.50 
SOS ORS seek 154 24 60 178 27.68 130 PaO 
G=SO ON ice ee 137 21.88 157 24.42 111 18.11 
8 es Og ee ee aes 71 11.34 60 9.33 85 13.87 
nS (aye ees Sees 28 4,47 10 1.56 50 8.15 
A518 ee cy ce dees 2 Be 5 ea 1 16 

Totale vt: ae G26 wile ee G43) Mia eres 613): | ko aoe 
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PERIoD II.—July 16-19. 
DEPTH. AVERAGE. Day. NIGHT. 
Meters. No Per cent. No Per cent. No. Per cent. 
i=8 52330 eeeee 798 49.54 889 51.99 647 44.56 
320 “Bee eee 463 28.74 485 28.36 427 29.41 
(=o 201 12.48 185 10.82 227 15.63 
9—12..... 114 7.07 123 EtG 102 7.02 
PDs ss ace | 34 ele 26 1.52 48 | 3.30 
1 1 hee 1 .06 2 i, 1 07 
Wotal........ | seve a eae ae | 1710 | | 1452 | ye ee 
Prriop III.—July 27-29 

DEPTH. AVERAGE, Day. NIGHT 

Meters. No Per cent. No Per cent. No. Per cent. 
Eesti eS ae 1229 39.18 1480 42.75 895 33.09 

OSS ee a 1059 36 1201 34.69 893 33.01 
Ba a os cosine 475 15.14 414 11 96 545 20.15 
eee 332 10.58 311 8.98 359 13.27 

[eI PAE A See 40 1.28 55 1.59 9 Be 

12) (ee 2 .06 1 .03 4 .15 

Total Sp a ae | 5/ (eon eae Ee ee ee 
Periop [IV.—August 2-4. 

DEPTH AVERAGE, Day. NIGHT. 

Meters, No. | Per cent. No. | Per cent No. Per cent. 
(eee 1038 41.01 | | 1259 39.42 817 | 43.69 
SO sees cineca « 730 28 84 927 29.02 583 | 28.50 
6—9. 570 22.52 770 24.11 370 19.7 
(Ch (A Oe 187 7.89 232 7.26 143 7.65 

12 a eee eee 3 .118 3 09 4 21 

i =) te eee ee 3 118 3 | 09 3 16 

Total........ ak eo ak: ie tacOn ee 
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Daphnia hyalina Leydig. 

This species was present in far smaller numbers than either 
of those which have been already described. The average num- 
ber taken was 222 for the whole series of observations, or about 
3.3 per cent. of all the crustacea. The number varied from 42 
as a minimum to 541 as a maximum. In the different periods 
the average varied quite irregularly. The average number was 
as follows: Period I, 312; Period Il, 144; Peried siiaavs 
Period IV, 260. It is probable that the large number included 
in Period I depended to some extent upon chance. The obser- 
vations made later in the year show conclusively that in July 
we have the beginning of the main development of D. hyalina. 
In August (3 observations) the numbers taken average 1000 or 
more, and in September and October a maximum of over 8000 
was reached. The numbers assigned to D. hyalina are probably 
not as accurate as those for Cyclops and Diaptomus, since the 
larger number of the former species was contained in the upper 
levels of the lake, where there were enormous numbers of 
Cyclops and Diaptomus. The number counted, therefore, de- 
pended somewhat upon chance. At the same time the numbers 
of D. hyalina do not vary more widely or more irregularly 
than do the numbers of D. pulicaria, of which species by far 
the larger number was found in the lower levels of the -lake, 
where comparatively few crustacea were present, and where a 
larger portion were counted than in the upper levels. 

Vertical distribution.—Very little need be said of the vertical 
distribution of D. hyalina, since it agrees very closely with 
that of Cyclops and Diaptomus, more closely with the former. 
A glance at the curves of Pl. VIII, where the percentile distri- 
bution of all the crustacea is platted, will show Cyclops and 
D. hyalina agree in percentile distribution almost exactly. On 
the average about 42 per cent. was found in the 0-3 level, 30 


per cent. in the 3-6 m. level, and 21 per cent. in the 6-9 m. level. 


Thus the upper 9 m. of the lake contain about 93 per cent. of 
the total catch. As amaximum there were found in these levels 
100 per cent., and as a minimum 47.16 per cent. 

The number of Daphnia hyalina fell off greatly below 9 m., 
the average catch in the 9-12 m. level being 13 (5.9 per cent.); 
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2 in the 12-15 m. level, and one in the 15-18 m. level. In these 
deeper levels, however, a larger per cent. of the total number 
of Daphnia was obtained than was the case with the more nu- 
merous Diaptomus and Cyclops. 

Diurnal distribution.—Very little need be said on this sub- 
ject beyond a reference to the tables. In the first three periods 
the actual number obtained at night was larger than that caught 
by day. In Period III especially, the numbers differ consider- 
ably, being 210 by day as an average and 329 by night. The 
numbers are, however, so small that chance has probably de- 
termined this distribution. Inthe percentile distribution little 
difference appears between day and night. In Period I there is 
a slight excess in the 0-3 level at night. In all other periods 
the upper level is smaller at night than during the day. 
There is no positive indication of either ascent or descent of 
this species. 

The center of distribution ranged from 3.5 m. below the sur- 
face in Period IV to 4.5m. in Period I. It averaged about 4.1 m. 
for the month. 


STATISTICS of D. HYALINA. 


TaBLE N—Vertical distribution day and night. Average of month. 


Day. | NieHrt. 


DEPTH. AVERAGE. | 
Obs. Obs. Obs. 

Meters. | No. |Per cent. No. |Per cent. No. |Per cent. 
1 eer 59 94 42 34 l 33 | 88 44 26 103 40.7 
BON sade scion ss 57 66 29.7% 31 61 30.5 26 73 28 .8 
ca eee 58 46 20.72 32 41 20 5 26 53 20.9 
9-12 56 13 5.85 30 9 4.5 23 20 7.9 

12—15 54 2 90 31 1 5 24 3 1.18 
SS | a 50 1 45 27 Diy iG a, Sooke 23 1! 39 
Petals! .|5...2. | gl pe ee | a | 200 pi es | SS I | Ge 


The facts of this table are represented in Pl. X, fig. 3. 
al 
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TABLE O—Vertical distribution by periods. 
PeRiop I.—July 7-14. 


DEPTH AVERAGE. | Day. NIGHT. 

Meters. No. Per cent.. No. Per cent. No. Per cent. 
Qe sheets. ie 119 38.14 | 105 36.4 £137 40.0 
Ba Oi iste aon 73 23.4 73 Rove “433 21.3 
G29 is ee he 63 20.19 70 24.3 56 36.4 
EES ae Ser a a 44 14.10 33 aes 58 ily! 
12— 15). Teles. 10 3.20 4 1.4 15 4.4 
1S = a16e 5. Sse ee 8 97 3 1.0 3 9 

S42 clit Gee 


PrRIoD II.—July 16-19. 


DEPTH. | AVERAGE. | Day. | NIGHT. 
Meters. | No. Per cent. No Per cent. No. Per cent. 
] | 
(Ee yeas ae 61 42.0 62 44.6 58 38 3 
3—6 47 82.4 50 36 42 28.0 
GO entree ee a! 31 21.4 24 17.3 42 28.0 
Qe 18). os ceroerel 5 3.5 3 > % AN, 
12—15. 1 aif | 0 0 1 va 
HG) | lean eee ee 0 0 0 0 0 0 
Total naw sos 145 ! | [One malar ae tone 150 || ee 
Prriop Ill.—July 27-29. 
DEPTHS. AVERAGE. DAY. NIGHT. 
Meters. & No. Per cent. No. Per cent. No Per cent. 
Ana hi oe etree BEAL See | ee 
QeRS he awige ence 128 44.9 101 48.09 146 44.4 
3-6 95 34.7 68 382.4 118 35.9 
Ga OG Src ye ee 49 17.9 86 alffail 61 18.5 
Oe meas em ae! 4 5 5 2.4 3 9 
1S Ie eae ee 3 Hod 0 0 0 0 
15 1G (ae ite 0 0 | 0 0 1 3 
Motallenre ne I TAS Bole ay eee te PA (Cai sr ge ete cee ae B29) 0 loreal eee 
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Periop IV.—Aug. 1-4. 


- DEPTHS. AVERAGE. | Day. NIGHT. 
Meters. No. ; Per cert. No. Per cent. | No. | Per cent, 
3 a 113 43.5 124 45.7 | 98 39.7 
Doe FL ee a eee 69 26.5 7 27 66 2G aie 
6-9 61 seb 65 24 58 | 235 
= ee le 16 6.15 | 8 3 24 9.7 
jek oe ee 0 0 0 0 0 0 
[= Cee i 39 1 oO | 1 4 
etal... Shy Nene ia Spin oe ats | ey hs to 


Daphnia pulex, var. pulicaria Forbes. 


This species of Daphnia is very closely related to the Euro- 
pean form D. schoedleri Sars, and is possibly identical with it. 
In general appearance it closely agrees with D. pulex, as also in 
the armature of the post-abdomen, and in the teeth of the cau- 
dal claw. The chief difference lies in the transparency of the 
animals, Specimens belonging apparently to this species are 
found near Madison in temporary pools, and in such situations, 
while not showing the yellow tint characteristic of D. pulex 
they become opaque, having a grayish white color. In the open. 
lake, however, they are nearly as transparent as D. hyalina. 

This species was the smallest in number of the forms which 
regularly appeared in our dredging. The average number for. 
the whole period was 103, with a maximum of 279 (J. 19, 9 a. m.) 
and a minimum of 1 (A. 2, 3 a. m.) and 0 (8 obs., Aug. 2 and’ 
_3). The number varied greatly in the different periods, the 
agerage in Period I being 101; in Period II, 135; in Period III,. 
125, and in Period IV, 18. These numbers indicate the disap- 
pearance of the species early in August, and this conclusion is 
confirmed by the fact that in later observations only single in-- 
dividuals have appeared. The latest date at which a single speci-- 
men occurred was December 1, but no other individuals had been 
found in the preceding two months or more. JD. pulicaria aver-. 
aged about 1.5 per cent. of the total number of crustacea caught. 
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the percentage ranging from 2.00 in Period II to .3 per cent. 
in Period IV. 

The actual numbers obtained by day and night were almost 
the same. In Period I the day averaged only 75, against 132 
at night. In Period II the day and night were almost iden- 
tical, being 139 and 129 respectively. In Period JII the day 
catch averaged 128, that at night, 120. In Period IV, day 15 
and night 21. 


Vertical distribution.—In spite of the small number of the 


eatch the vertical distribution of D. pulicaria was very distinctly 
marked. In general the species was almost entirely lacking in 
the upper 6m. of the lake, and equally wanting wanting below 
the depth of 15 m. Taking the average of the month, more 
than 93 per cent. of the species was found between 6 m. and 
15 m. and over 75 per cent. between 6 m. and 12m. In the 
0-3 m. level the average number found for the month was 2, the 
maximum number 18 and the minimum 0, which occurred in a 
majority of the observations. No great confidence can be 
placed in the accuracy of this number. It will be remembered 
that the total number of crustacea in this level was very great, 
averaging more than 3000, and it very rarely happened that 
more than one individual of this species appeared in the quan- 
tity counted. This of course was multiplied by the factor 6, 
and thus would give a minimum of 6 specimens in the upper 
level if any were present. It must often have happened that 
catches containing a few members of the species are marked 
with 0, because no individual happened to get into that portion 
of the catch which was counted. Making all allowance for this 
inaccuracy it is, however, plain that the number of specimens 
in the upper 3m. isextremely small. The largest average was 
found in Period II, when, it will be remembered, the weather 
was very calm, and the nights were lighted by a full moon. In 
that period an average of 3 was obtained, or a little over .08 
per cent. of the total catch from that level 

In the 3-6 m. level the number was somewhat greater, averag- 
ing 6 for the whole series of observations, or about 5.8 per 
cent. of the total number of the species, with a maximum of 
30 and a minimum of 0. The same observation regarding in- 
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accuracy of the counting is to be made here as was made in re- 
gard to the 0-3 m. level. | 

With the 6-9 m. level came a great increase in number. The 
average for the whole period was 37 per observation. The max- 
imum was 196, the minimum 0. In Period I the average num- 
ber was 27; in Period IJ, 39; in Period III, 70, while in 
Period IV an average of only 5 was obtained. During the 
whole month D. pulicaria averaged nearly 4 per cent. of the 
catch in this level, the percentage ranging from .4 per cent. in 
Period IV to 6 per cent. in Period II. An average of 36 per 
cent. of all the individuals of this species was obtained from 
this level, the percentage ranging from 56 per cent. in Period 
III to 27 per cent in Period I. 

An even larger number was obtained from the 9-12 m. level, 
the average for the month being 42, with a maximum of 138 
and a minimum of 0. The average numbers in the successive 
periods were 33, 59, 48, and 13, respectively. Since the number 
of Cyclops and of Diaptomus was very much smaller in this 
level than in the upper levels of the lake, D. pulicaria consti- 
tutes a considerable fraction of the catch made at this level. 
The percentage is about 3 per cent. in Period IV, where the 
average number of Diaptomus and Cyclops was largest on ac- 
count of the disturbed condition of the water, and where an 
average of only 13 specimens of D. pulicaria were caught. In 
Period II, 25.5 per cent. of the total catch from this level con- 
sisted of D. pulicaria. The tables show that in this period very 
few specimens of Diaptomus and Cyclops were found at this 


_ level, and also that the greatest absolute number of D. pulicaria 


was found there. In Periods I and III the percentage was be- 
tween 9 and 10. UD. pelicaria constituted 11.5 per cent. of the 
average catch from this level for the entire month. 

In the 12-15 m. level a considerable number of this species 
was found, although the number declined very greatly from 
the 9-12 m. level. Probably the greater portion of those cred- 
ited to the 12-15 m. level were obtained from the upper part, 
since almost no specimens were found below 15m. The aver- 
age number for the month was 16, with a maximum of 152 and 
a minimum of 0. This maximum is more than twice as large as 
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any other catch from this level. Almost all of the specimens 
obtained in this level were caught in the first two periods, 
where they averaged 34 and 25 respectively, while in Period ITI, 
an average of only two was obtained, and none at all in Period 
IV. The decline in numbers. of Diaptomus and Cyclops in this 
level makes the absolute small number of D. pulicaria constitute 
an important percentage of the catch from this level. In 
Period I, 17.6 per cent. of the catch belonged to this species, 
and in Period II, 39 per cent. For the second period Cyclops 
with 34 specimens on the average was the only species which 
exceeded D. pulicaria in absolute number. In the third and 
fourth periods the number is so small as not to constitute any 
considerable fraction of the total catch. 

In the 15-18 m. level only 18 specimens were obtained 
throughout the entire month. Since all the catch from this 
level was counted, unquestionably all the specimens of D. puli- 
caria have been enumerated. It is highly improbable that the 
species visits the deeper part of the lake in considerable num- 
bers. No specimens in the control observations were obtained 
below 15 m. to a depth of 22 m. 

Diurnal distribution.—The number of D. pulicaria is so small 
that little need be said regarding its diurnal distribution. In 
general the species agrees with all the others which have been 
studied, in showing no constant variation between day and 
night. If we average the catches for the total period there is a 
slight tendency of the species toward the bottom by night, since 
in the day catches only 11.5 per cent. of the total catch was found 
in the 12-15 m. level, while nearly 22 per cent. of the entire 
catch was found in the same level at night. The absolute 
numbers, however, are so small and the quantity of the catch 
so dependent upon chance, that no conclusion should be drawn | 
from these results. In general, we may say that almost the 
entire number of this species occupied the space between 6 and 
15 metres both by day and night. 

No reason can be assigned at present for this singular verti- 
cal distribution. It will be observed that the distribution of 
this species is in striking contrast to that of D. hyalina from 
which it did not differ greatly in absolute number. While 
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nearly 75 per cent. of D. hyalina were found on the average 
above the 6 m. level, 93 per cent of D. pulicaria were found 
below the same line. The 6-9m. level was common to the 
two species, and they appear there in not very dissimilar 
numbers, the average from this level being 46 for D. hyalina, 
and 37 for D. pulicaria. It is possible that D. pulicaria de- 
velops in the spring, while the water of the lake is 
still cold, and remains in that cooler water as the temperature 
of the lake rises. However, the temperature can hardly be the 
sole factor in determining its distribution, or we should expect 
the species to be more abundant in the still deeper and cooler 
parts of the lake. 

The center of distribution for D. pulicaria varied from 8.46 
m. in Period IV to 10.7 m. in Period I. In Periods II and IIT 
it was 9.83 m. and 10.15 m. respectively. Thus the center for 
those periods when any considerable number was present lay at 
about 10 m. below the surface, assuming the distribution of the 
animals to be uniform in each of the 3 m. levels. 


STATISTICS OF D. PULICARIA. 


TaBLE P—Vertical distribution. Day and night. Average for month. 


DEPTH. AVERAGE. DAY. | NIGHT. 


— ——————______. ___.. 


Meters. Obs.| No. |Percent. |} Obs.! No. |Percent. || Obs.| No. |Per cent. 


gn 59 2 1.9 || 34 2 1.9 || 25 | 1 1.0 
Le B7 6 5.8 |} 32 5 4.8 || 25 6 5.9 
eB i, 58 | 37 35.9 || 33 39 37.5 || 25 34 33.7 
Be 5 sy | 42 40.8 || 32 46 44.2 |] 25 38 37.6 
USS) ae sa iG 15.6 || 33 12 11.5 |! 28 22 21.8 
Ca ae 55 0 0 30 0 0 25 0 0 
Total ...... a ie ee oe te eS BOG, ise ea eae 2 


The average percentile distribution of D. pulicaria is shown 
p11) ode 
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TABLE Q— Vertical distribution by periods. 
PERIOD I—July 7-14. 


DEPTH. AVERAGE. AT RNU une Day Pe > NIGHT. 

Meters. No. Per cent. No. Per cent. | No. Per cent. 
UES ae ee Sees 1 | .99 2 2.67 0 0 
SO tas eee ee 4 3.96 6 8.00 2 1.51 
6—9. 27 26.7 | 28 37.3 26 19.7 
Qe 12 . Meese eenies | 33 32.7 26 34.7 41 31.06 
VES Ee ea 34 33.7 12 16.0 61 46.2 
ise fem ape ted i | 2 1.99 1 1.3 2 1.51 

Total........ | 101 | Petal ease ict | 199 |e 


Periop IIi—July 16-19. 


DEPTHS. AVERAGE. Day. NIGHT. 
Meters. No. Per cent. No. Per cent. No. Per cent. 
Tees oan cnn | 3 2,22 4 2.9 3 2.3 
SE Be eae 9 6.7 MC 5.0 13 10.08 
ot! RU an pee ey no, 39 28.9 41 29 5 84 26.4 
2 De ea ng Hee 59 By 65 46:8 50 38.8 
TOI cance 5 25 18.5 22 15.8 29 22.5. 
NB ee eas ocr 0 0 0 0 0 0 
Motalesans. 113 Lapua | Anais Ree 139) ae Sash ey ee 129: | ee 
Periop III—July 27-29. 
DEPTH. AVERAGE. Day. NIGHT. 
Meters. No. Per cent. No. Per cent. No. Per cent, 
O25 Ware ee 0 0. 0 0. i 83 
B= Oseouceie Meee b 4.0 3 2.34 7 5.84 
69. oo ea es 70 56.0 68 53.13 Ze 60.00 
9—12............ 48 38.4 55 42.97 40 33.3 
Aad cle ise 2 1.6 2 1.56 0 0 
T5— 18. ooo hcl 2 0 0 0 0 0 0 
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Prriop IV-—-August 1-4. 


DEPrTus. _ AVERAGE. | Day. NicHT. — 
j 
Meters, No. Per cent. No Per cent, No. Per cent. 

Ee aici! os 0s 0 0.0 0 0.0 0 0.0 
1 0 0.0 | 0 0.0 0 0.0 
Baie ois uisis oa = 5 27.8 7 46.7 3 14.3 
IRE og eis cio. + 13 72.2 § 53.3 18 85.7 
Dea es o's wes 0 0.0 0 0.0 0 0.0 
BO cisisic se wcis's 0 0.0 0 0.0 0 0.0 
Total . eit ise GE i Aas ie uae 


OTHER PELAGIC ARTHROPODA. 


Four animals, other than those already described, were ob- 
tained in considerable numbers during our observations, al- 
though they were not numerous enougk nor present with 
sufficient regularity to give any clear conclusions as to their 
vertical distribution. The first of these is Diaphanosoma brachy- 
urum Fisch. Scattering individuals of this species were ob- 
tained in Period I, the total number being 16, with an average 
of less than 2 for each series of observations. In Period II, 
109 were taken, giving an average of about 4 to an observa- 
tion. In Period III, 276, or an average of nearly 20; and in 
Period IV, 1135 were obtained, giving an average of nearly 100 
for each set of observations. It is obvious that we have during 
July the beginning of the story of the development of Diaphan- 
osoma, and observations made later in the year confirm this. 
idea. In August three observations showed a catch of 400 to 
600, and in September the number of Diaphanosoma rose to a. 
maximum of more than 1000 per series of observations, and the 
species disappeared in October. The vertical distribution of 
this species follows very closely that of Cyclops and Diaptomus. 

Leptodora hyalina Lillj. was constantly present in our collec- 
tions, but in very varying numbers. As stated in the account of 
our methods, all of the individuals belonging to this species were 
counted, and from all of the observations a total of 347 individ- 
uals was obtained. This would be an average of about 6 speci- 
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mens to each series of observations, but the number was very 
irregularly distributed. The irregularity, however, was of a 
somewhat uniform nature, comparatively large numbers being 
obtained at occasional intervals throughout the month. The 
largest individual numbers were taken in the upper level. One 
of these catches yielded as many as 25 individuals, another 21, 
and a third 15. The lower levels were practically without this 
form. All of the single catches containing more than 6 speci- 
mens in the upper levels were made at night, This would indi- 
cate a rise of Leptodora by night, were it not for the fact that 
none of the day catches show any corresponding numbers of the 

Species at greater depths. | 

The larva of a species of Chironomus was found in very 
small numbers, the total number counted in the 59 sets of ob- ° 
servations being only 105. The largest individual catches were 
obtained in the upper 6m. The largest number caught was 12 
on July 27. 

The larva of a species of Corethra was the most abundant animal — 
except those which have been regularly tabulated. Nearly 2000 
were obtained during all our observations, an average of 33 ani- 
mals per series. The average number per series in Period I 
was about 13; in Period IJ, 18; in Period III, 80, and in Pe- 
riod IV, 22. An enormous number of this species was obtained 
in a few catches on the 28th of July, where the larve were 
found in comparatively large numbers throughout the entire 
vertical distance. The largest number was 148, 85 of which 
came from the 6-9 m. level. The numbers taken are too small 
and too irregularly distributed to say anything definite regard- 
ing the vertical distribution, beyond the general fact that a 
large number of this species proportionately was found in the - 
lower levels of the lake. It was not at all uncommon for the 
dredge to contain perhaps a dozen crustacea from the lower 
levels, and one or two specimens of Corethra. 

Daphnia Kahlbergiensis, var. retrocurva, Forbes, our represen- 
tative of the section Hyalodaphnia, was found very sparingly. 
Only two or three specimens were seen during the entire 
month. 

Chydorus sphaericus O. F. M., one of the most abundant of 
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The Diurnal Movement of the Crustacea. ATT 


plankton crustacea in the autumn, did not appear in July in 
numbers sufficient to count. A few individuals were present, 
but were not studied. 

One or two specimens of Pleuroxus trigonellus, O. F. M., were 
caught—doubtless stragglers from the bottom. A single Sida 
erystallina was obtained. 


PLANTS. 


No definite work was done upon the plants of the lake, al- 
though the water abounded in vegetation throughout the entire 
time of observations. The predominant alga was a species of 
Lyngbya. Large numbers of Anabceena and allied forms were 
also present, and at times, especially in Period H, the lake 
was covered with a scum, which is locally known by the name 
of “working.” The number of alge was greater in the upper 
levels of the lake, although in the lower levels the quantity of 
algze was proportionately much greater than that of the crus- 
tacea. Still, in general, it may be said that the vertical distri- 
bution of plants and crustacea agree. 


THE DIURNAL MOVEMENT OF THE CRUSTACEA. 


Francé, in an article on the vertical distribution of the plank- 
ton’ of Lake Balaton in Bohemia, reached conclusions widely 
different from ours. This lake is 76 km. long and 74 km. wide, 


‘but only 1i m. deep in the deepest parts. Francé found that 


the plankton animals come by night to the surface, begin to de- 
scend at dawn to the deeper regions, remain there until early 
in the afternoon, when they begin to re-ascend, suddenly ap- 
pear at the surface shortly after sunset, and there remain over 
night. The Cladocera rise first, the Copepoda about an hour 
later, and the same order was followed in their descent. This 
general law was modified by wind, cloud, rain, etc., in various 
ways not necessary to specify. He found that these movements 
were active, as evidenced by the fact that Pediastrum and 
other minute alge remained constantly at the surface. His 
view is that the animals seek the cooler waters. We had ex- 


1R. H. Francé: Zur Biologie des Planktons. Biol. Cent. XIV.,p. 34. Jan. 15, 1894. 
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pected to confirm this result, at least partially, by finding a 
migration within a limit of. several meters. At the same time 
the senior author of this paper had so often found crustacea at 
the surface by day that he doubted whether the law 
was as simple for lake Mendota as that found in lake Balaton. 
Until our observations forced the conclusion upon us, we had no 
idea that the crustacea would remain at the same level by day 
and by night. Our work was incited by this paper of Francé’s, 
and had at first two aims: (1) Assuming Francé’s law to hold 
for lake Mendota, we wished to determine how deep the crus- 
tacea go by day. While Francé found that the crustacea go to 
the bottom of lake Balaton, it was quite possible that in lake 
Mendota, more than twice as deep, they would go only part 
way. (2) We wished to determine the rate of ascent and de- 
scent. These original purposes were, of course, interfered with 
by the result of our observations, which were negative as re- 
gards any diurnal movement of the crustacea. 

It does not seem to us at all possible that any vertical move- 
ment of numbers of the crustacea can have taken place to an ex- 
tent of 3m. it is plain that there is no general movement of 
any species to the surface at any time. There was never an 
aggregation of all the crustacea in the 0-3 m. level. There was 
very rarely such a distribution as to make the number in the 
3-6 m. level larger than that in the 0-3 m. level. In Diaptomus 
this occurred six times, four by day and two by night. In the 
greatest difference the 3-6 m. level contained 59 per cent. of the 
catch, and the 0-3 m. level 34 per cent. In the same species 
the average percentage of the sum of the 0-3 and 3-6 m. levels 
was about 82 per cent. There were 17 cases where this sum 
passed 90 per cent., of which fifteen were by day and two by 
night. There were eleven cases where the sum fell below 70 
per cent., of which eight were at night and three by day. The 
3-6 m. level was by far the most constant in percentage. While 
naturally varying a good deal, the averages were remarkably 
constant, as the following table will show, which gives for 
each of the four periods the average percentage which this level 
contained, of the whole number of the species of crustacea 
named. 


3—6 m. Period I. | Period II. Period 1] Period IV.} 


Per cent. | Per cent. | Percent. | Per cent. 


WaaA OWLUS, GRY... 2.0. anu sehen se oe ess 33 26 38 99 
PLLA ak ae ae ah) ae BOM kta. 28 33 24 

oti, Toe a ees 28 | 28 35 29 
ME Oh Me eat 21 | 29 33 | 29 


Had there been at any time a diurnal movement. of even one- 
third of the individuals of the 0-3 m. level into the 3-6 level, 
the result would hardly have failed to show this plainly, in the 
reduction of the percentage in the upper level and a correspond- 
ing increase of that of the second. We feel confident, therefore, 
that a general movement of the crustacea by as much as one 
meter would have been detected by our method. It is still pos- 
sible that crustacea rose and fell within the limits of the 
0-3 m. level. A few observations were made to test this idea. 
These were by day, and showed an abundance of crustacea in 
the upper 1 m. The crustacea were not counted, as time was 
lacking for a full study, but especially as the method of obser- 
vation was not well suited for intervals as small as1m. Fur- 
ther, a movement within the upper 3 m. did not appear to us to 
fall within the limits of our investigation. A migration of a 
part of the crustacea at the top of the water for a meter or two 
was not a phenomenon at all comparable to that observed by 
Francé. 

The question then arises,—are our results trustworthy? It 
seems to us that they are. The material is sufficient and the 
result unmistakable. It should be noted that in this question 
a day observation is quite as valuable as one at night, and numer- 
ous as were the catches recorded in this paper, there were many 
more made by day which do not appear in our tables, because 
they covered only the upper levels of the lake. They were 
made for purposes of control in different parts of the lake, at 
different periods, and on different days. Several sets of hauls 
from the upper levels were made to test the horizontal distribu- 
tion of the crustacea. Altogether about 100 series of observa- 
tions were made during July. All of them agreed in finding 
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nearly one-half of the crustacea in the upper 3 m. during the 
summer, and observations continued into the early fall show the 
same result. It is not necessary to count the crustacea in order 
to see the difference in number from different levels. The six 
bottles of a series can be placed in order with certainty, except in 
those cases where the bottom level and that next above it con- 
tain almost nothing. The total amount varied, but that from 
the upper level was always the largest. 

As confirming the accuracy and sufficiency of the method em- 
ployed, we may briefly refer to results obtained later in the 
year—in October. As soon as the temperature of the lake be- 
came uniform from top to bottom the crustacea became pretty 
uniformly distributed, showing an arrangement wholly different 
from that of the summer months. One example is added: 


Number of crustucea caught. 


Oct. TESA. M: Diaptomus. Cuclops D. hyalina. Temp. 
Tair. 5,0 validbars. oe 0.10 m 
(eS aOR ES IRR Lapras Reece ee aise oie 192 732 702 12.859 C 
Oe a es iC ME Re niche) WR knell eens 234 666 678 
Oe ea eae aciats sek nisi we aistePesstons 186 1093 576 
9—12 282 978 300 
BS Uy PE 5st mis sok wie Sr che aibeaecasis eel 228 720 480 
18 m. 
th pa a Fe Oe edie desis als ansjo, e wiaccataakomie 164 696 564 13.109 C 
Pere et pe lars Oe, 1364 4890 3280 | 


Other catches were about the same in proportion, though dif- 
fering in numbers, as would be expectcd. This disclosure of the 
change in distribution, which came on rather gradually during 
some two weeks, together with the concordance in the result of 
observations taken about the same time, seems to give addi- 
tional confidence in the results obtained by our methods. 

A second peculiar fact of distribution, also of uniform occur- 
rence, is the singular vertical position of Daphnia pulicaria dur- 
ing July. If little confidence could be placed in our methods, 
this curious result could hardly have been reached. D. pulicaria 
did not differ widely in number from D. hyalina, yet the distri- 
bution of the two species was as distinct as possible. An un- 
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trustworthy method could hardly have led to such different re- 
sults, and to results so constantly different. 

When in August Diaphanosoma began to appear in numbers 
sufficient to count, its distribution agreed with that of Diap- 
tomus. This agreement persisted through September, when the 
number of Diaphanosoma caught in each series increased to 
nearly 1,000, to disappear early in October. : 

While, therefore, we are not disposed to urge that the re- 
sults reached by us are to be considered as mathematically ac- 
curate, we believe that they are essentially correct. Even taking 
into account all the various sources of possible error, the gen- 
eral results are so strongly marked that they can hardly be af- 
fected by such errors. When the number in the upper level, 
0-3 m., is ordinarily 50 per cent. to 100 per cent. more than 
that from any other level, with an average number of over 3000 
crustacea in the upper level, it is impossible to be mistaken in 
the general fact. When this large excess of crustacea in the 
upper level is found at all times of day and night, it is impos- 
Sible to believe in a descent of the crustacea by day, and a re- 
ascent at night. 

Zacharias, in the Third Report of the Biological station at 
Plén (p. 126), announces that the plankton of that lake shows 
no diurnal movemeut. His observations were made on Septem- 
ber 16, 17, and the report came to hand just as this paper was 
going to press. | 


GENERAL CONCLUSIONS. 


1.° The plankton crustacea of lake Mendota during July con- 
sist chiefly of Diaptomus oregonensis (64 per cent.), three species 
of Cyclops (30.5 per cent.), Daphnia hyalina (3.3 per cent.), 
and D. pulicaria (1.5 per cent.). 

2. All of the crustacea put the last named agree iv vertical 
distribution, having 50 per cent. or more in the upper 3-4 m. 
of the lake. D. pulicaria is found chiefly between 6 m. and 12 m. 
and almost wholly between 6 m. and 15 m. is distribu- 
tion is maintained throughout the month. 

3. During July, only the upper 12 m. of lake Mendota are 
tenanted by crustacea, and over 90 per cent. are in the upper 9 
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m. Nearly 50 per cent. are in the upper 3 m.; 30 per cent. be- 
tween 3 and 6m. and over 15 per cent. between 6 and 9 m. 
There is, therefore, apparently an ‘“abyssal” region with little 
crustacean life. This region is only temporarily unoccupied, 
being peopled by the crustacea later in the year, as the temper- 
ature of the lake falls. 

4, There is practically no diurnal movement of the crustacea, 
or, if any, it is downward by night and upward by day. This 
movement, if present, is s9 slight as to be obscured by the ac- 
tion of the wind. 

5. No change in the distribution of the crustacea can be at- 
tributed to moonlight. The period of our observation included 
no protracted cloudy weather, but such short periods as were 
present were without effect. 3 

6. Winds affect the distribution in summer only slightly, in- 
creasing somewhat the number of crustacea in the 9-12 m. 
level, and partially equalizing the distribution through the up- 
per 9m. They do not seem to produce any effect below 12 m. 

Madison, Wis., April 23, 1895. 
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EXPLANATION OF PLATES. 


PRAT ED WEL, 


Fig. 1. General view of the dredge. See pp. 424-428. 
Fig. 2. Upper cylinders of bucket and collecting tube. 
Fig. 3. Bucket, stopper, and collecting tube. 


PLATE VIII. 


Fig. 1. Full sized section through front of frame of dredge 
and part of cover, which is slipped back from frame. 

Ee irame:. support for guide; ©,’ guide; D, cover; BH, 
flange of cover. The flange is slightly turned up at its front 
edge, so that it will not strike the guide as the cover closes; 
G, eyelet for cover-cord; H, pulley; I, support for pulley; J, 
eye on cover for attachment of cord; K, cylinder for attaching 
dredge net; M, guide for cover. 

A section through the side of the frame would be substantially 
the same except that the cover would be in the groove below C 
and the flange EK would not be turned up on the edge. 

Figs. II-VIII. Graphic representation of the general dis- 
tribution of the crustacea. The size of the circles is proportional 
to the number from the entire depth or from each level. Each 
circle is divided into sectors proportional to the number of each 
kind of crustacea. See p. 445, Table E. 


POAT EH ix: 


Fig. 1. Graphic representation of the percentile distribution 
of the crustacea during the month of July. Each vertical line 
in the diagram represents two per cent. of the total catch and 
each horizontal line one meter of depth. The percentage of the 
whole number of each species yielded by each 3 m, level is in- 
dicated by a circle placed at the center of the level. The circles 
or dots for each species are connected by lines. 

d, Diaptomus; c, Cyclops; h, Daphnia hyalina; p, Daphnia 


pulicaria. 
32 
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Fig. 2. Graphic representation of the percentile distribution 
of Diaptomus in the single observations of Period II. Hach verti- 
cal line represents the total catch, 100 per cent., divided into 
10 per cent. intervals by horizontal lines. The lighter lines 
represent day observations, the heavier ones those taken at 
night. The first small circle with a dot within it marks the 
percentage found in the 0-3 m. level, the second circle adds that 
of the 3-6 m. level and the third that of the 6-9 m. level. The 
remainder of the line shows the percentage from the remaining 
9m. The dotted horizontal line represents the average per 
cent. found in the 0-3 m. level and the line of dashes that of 
the 0-3 and 3-6 m. levels combined. The shorter lines indicate 
the average for day or night as they cross the light or heavy 
lines. It is plain that the upper levels are not so populous by 
night as by day, but the smaller absolute number found by 
night should also be noted. See p. 451. 


PLATE X, 


Fig. 1. Average percentile distribution of Diaptomus and day 
and night distribution by periods. The diagram is constructed 
in general like Pl. IX, fig. 1. The night and day averages 
for each period are indicated and marked N or D. Those for 
each period are connected by a line numbered I, IJ, Ill, or IV. 
See p. 452, Table H. 

Fig. 2. Similar diagram for Cyclops; p. 462, Table K. 

Fig. 3. Similar diagram for D. hyalina; p. 467, Table N. 

The upper levels only are indicated in these diagrams as the 
numbers from deeper levels are too small to be platted. 
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PLANKTON STUDIES ON LAKE MENDOTA. IL. 


THE CRUSTACEA OF THE PLANKTON FROM JULY, 
1894, TO DECEMBER, 1896. 


E. A. BIRGE, 


Professor of Zoology, University of Wisconsin. 


INTRODUCTION, 


The following paper is a continuation of the work done by 
myself with Messrs. Olson and Harder, in the summer of 1894, 
published in the preceding volume of the Transactions of this 
Academy. (Birge, ‘95.) The study carried on in that month 
showed a vertical distribution of the crustacea so unexpected 
and peculiar that it seemed to me worth while to continue the 
investigation throughout an entire year. A few observations 
were made in the latter part of August, 1894, and on Septem- 
ber 18th, regular observations were begun and were continued 
until the close of December, 1896. During the fall of 1894 ob- 
Servations were taken on 28 days. In 1895 observations were 
taken on 110 days, and on 126 in 1896. The details of the 
number of observations and of the days on which they were 
taken will be found stated in Table A given at the close of 
g and summer months as 


5 
many as three observations per week were taken. During the 


this paper. During the late sprin 


winter season, the late fall and early spring, observations were 
necessarily fewer in number, and occasionally a period of two 
weeks would pass without an observation. At this time of the 
year, however, the crustacea are not varying greatly in num- 
ber, so that small error results from these gaps. 

I had intended at first to carry my observations through one 
year only, but as a peculiar annual development of the crusta- 
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cea was found in the course of the year 1895, it seemed to me 
advisable to continue the observations through the season 
of 1896, in order to determine whether the course of develop- 

ment would be the same as in 1895. Until August, 1896, the» 
number of the crustacea in each catch was determined separately, 

and the average catch for each two-week period was computed. 

After that date the catches for each two-week period were 
mingled together, and the average number only was determined. 

Up to August, 1896, therefore, the average, maximum, and min- 

imum catches are given for each period, in the tables of the 
appendix, but after that date it is possible to state the aver- 
ages only. This “two-week average” is the main number 
used in this paper. 

The net employed was that described by me in my former 
paper, and the method of counting was substantially the same, 
except that asmailer fraction than one-sixth was often used to 
determine the large number of crustacea from the upper levels 
of the lake—one-tenth to one-fifteenth being ordinarily employed, 
with a view to making the last figure of the resulting number 5 
or 0, in order to facilitate adding and multiplying in subse- 
quent operations. 

The multiplications to reduce the catch to the number per 
square meter of surface were performed by the aid of Crelle’s 
Tables. The products are stated in this paper in thousands and 
tenths, in order to avoid the constant use of ciphers in the last 
two places. The result would have been quite as accurately ex- 
pressed in most cases if the nearest thousand had been stated, 
but in case of the smaller numbers it was necessary to state the 
hun dreds, and as the products were read off directly in all cases 
in hundreds, I concluded to leave them in the printed results, 
although, of course, understanding that no reliance is to be 
placed on the exactness of the enumeration in the last place of 
figures if the total is large. 

The total number of serial observations was 333 besides 97 
single catches, and as there were at least six collections in each 
series, and from three to eleven species of crustacea to be deter- 
mined, the number of single observations is very large — over 
10,000. It has been my aim in preparing this paper to exhibit 
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these results in agraphic form so that they might appeal to the 
eye, and to print only the summaries of my observations; rather 
than to confuse the reader by presenting him with the great 
mass of figures which would be needed to exhibit the results of 
the single observations. 

In preparing the diagrams which accompany this paper, the 
average number of crustacea for each two-week period was 
determined and was platted at the center of the space rep- 
resenting the period; and the averages of successive periods 
connected by a line. . 

It has been found impossible to use the same scale in platting 
the annual distribution of the different species of the crustacea, 
Where numbers range from less than 25,000 to over 3,000,000 
per square meter, it is not practicable to use the same scale for 
all species. The scales employed range from 25,000 to one ver- 
tical space, to 200,000 for the same distance. In all cases the 
scale is stated on the margin of the diagram. No attempt is 
made to show by a curve the rate of variation within the two- 
week period, since this variation is quite too irregular to per- 
mit a curve to be drawn with any accuracy. 

I had intended to introduce this paper by a preliminary account 
of lake Mendota accompanied by a hydrographic map. Some 
hundreds of soundings have been made by myself and by the De- 
partment of Civil Engineering of the University of Wisconsin, 
but the preparation of the map has been delayed, and it is there- 
fore impossible to insert the account at this place. I must 
therefore refer to the brief account given in my former paper, 
merely stating here that the lake is about 6 miles (9 kilometers) 
in length by 4 miles (6 kilometers) in greatest breadth, of 
a somewhat regular shape. No greater depth than 24 meters 
has been found; a large part of the lake is deeper than 18 me- 
ters, and the bottom is very flat without irregular depressions. 
The principal observing station was near the southern side of 
the lake, about 2,700 feet (850 meters, from the southern shore, 
and in 18.5 meters of water. The second principal station was 
about a mile and a half (2 kilometers) from the southern shore, 
and in 22 meters. The principal station was marked by a buoy, 
so that the observations were taken at the same spot. 


. 
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During the winter observations were made through the ice, 
the net being suspended from a tripod. While it is very easy 
to make a single haul of the net at any temperature in the win- 
ter, it is very difficult to make a series if the temperature is ma- 
terially below—6° C. At lower temperatures, or even at 
this temperature on a cloudy day and with northerly wind, the 
net freezes so rapidly that work is extremely difficult and slow, 
as time must be taken for the net to thaw in the water before a 
second haul can be made. The line also becomes so heavily 
coated with ice and so slippery and stiff that it is impossible 
to secure accuracy in the time of raising the net. While there- 
fore the pleasant warm days of winter offer the best possible oc- 
casions for working the dredge, the average work in winter is 
extremely disagreeable. It is, however, more difficult to secure 
continuous observations during the periods immediately pre- 
ceding the formation and the breaking up of the ice than it is 
in winter. The lake freezes near the shore so that it is difficult 


-to get out with a boat, while the ice is still too thin to bear 


the weight of a man; and as there is no current in the lake, 
the breaking up of the ice in the spring is ordinarily very slow 
and there is always a number of days in which the ice is too 
weak for safety. After the breaking up of the ice a continua- 
tion of north winds may keep the sludge ice on the southern 
shore, and thus still further delay observations, as was the case 
in 1896. 

In carrying out this work it has been my endeavor to make 
a contribution to the natural history of an inland lake as “a 
unit of environment,” to employ EHigenmann’s appropriate 
phrase. (Higenmann ’95, p. 204.) I have, therefore, discussed 
somewhat freely the causes which seem to me to have contrib- 
uted to the peculiarities of the annual and vertical distribution 
of the crustacea. I do not suppose that my conclusions are cor- 
rect in all particulars, still less that they are compiete. The 
causes determining the biological conditions of a lake are far 
too numerous and various, and their inter-relations far too 
complex to be understood at present with any accuracy. 
It has seemed to me, however, that the aim of plankton investi- 
gations should be to reach an understanding of these conditions, 
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and I have therefore put out the suggestions of the final sec- 
tions of each part of my paper, with the hope that they will 
stimulate others to similar attempts and thus lead to an en- 
largement of our knowledge and to the correction of whatever 
errors may be present in my conclusions. 


THE COEFFICIENT OF THE DREDGE. 


One of the most difficult and unsatisfactory portions of plank- 
ton investigation has been the determination of the coefficient 
of the dredge. It is well known that the net when raised 
through the water offers a certain resistance to the passage of 
the water, so that a part only is filtered by the net, while an- 
other fraction is displaced. The determination of the relative 
amounts of water filtered and displaced is the determination of 
the coefficient of the dredge. Many attempts have been made 
to determine this quantity. The most elaborate investigations 
have been made by Hensen (Hensen, ’87, p. 11, and Appendix; 
95, pp. 67-860). Reighard (94, p. 57) has also devised and car- 
ried out another method of determining the coefficient. Hensen 
has attempted to work out a formula by which the coefficient for 
a net of given cloth and given area could be determined, and 
has finally given the best and easiest method of determining the 
coefficient in lakes abounding in vegetable plankton (95, p. 92). 
Reighard’s method depends upon mixing with the water a known 
number of particles and determining the relation between those 
caught by the net when drawn through the water and the num- 
ber known to be present. This method was entirely inappli- 
cable to a net constructed like mine, and it was impossible for 
me to enter upon any elaborate investigation of the coefficients 
of the cloth which I used. I confined myself, therefore, to a de- 
termination of the coefficient of my net under the conditions in 
which it was used. In the serial investigations which formed 
the greater and more essential part of my study, the dredge 
was raised through a distance of three meters. The speed was 
approximately one half meter per second, although ordinarily a 
little less, the total time occupied by raising the dredge through 
3 meters, being from 6.5 to 6.75 seconds. In order to ascertain 
the coefficient of the dredge I determined to ascertain the num- 
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ber of crustacea in a column of water 3 m. in length and 10 cm. 
in diameter and to compare with this number the catch of the 
net. For this purpose a tin tube was made, of the size indi- 
cated. This tube was provided at the lower end with a slide in 
which was placed a carrier bearing a net and bucket. The car- 
rier and net could be slipped to one side so as to leave the open- 
ing of the tube entirely free, and by means of a cord reaching 
to the surface, they could be drawn back so as to hang immedi- 
ately below the opening of the tube. The slide and carrier 
were made of brass plates carefully scraped and fitted together, 
so that no crustacea could escape between the bottom of the tube 
and the top of the net, and the net was closely covered when 
slipped to the side of the tube. 

The tube was lowered into the water with the net moved to 
one side of the opening and was lowered slowly so that the 
water within the tube might remain at the same level as that 
without and no appreciable currents should be set up in the 
water. The tube was also provided with a close fitting cap on 
the top, which could be closed after the top of the tube had 
sunk about one-half meter below the surface. When the tube 
had been lowered this cap was closed and the slide with the net 
drawn across the bottom of the tube. There was thus im- 
prisoned a column of water 10 cm. in diameter and 3 m. long. 
The tube was then slowly raised to the surface and lifted out of 
the water so that the contained water might be filtered through 
the net, leaving behind the plankton. Several successive hauls 
of the tube were made, and the number of crustacea so taken 
was compared with that obtained from a similar number of hauls 
of the net made at the same time and through the same dis- 
tance. The number of crustacea thus obtained was carefully 
determined, 7 to 7; of the number being counted where 
the number was great, and + where the number was small. In 
determining the coefficient of the dredge, it was assumed that 
the tube took all of the plankton in the column of water which 
it contained, and the number of crustacea caught by the tube 
was compared with that caught by the net. Since the opening 
of the net was four times that of the tube the catch ought to 
have been four times as great, provided all of the water was fil- 


| 
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tered. Asa matter of fact, the net caught about twice as many 
crustacea as the tube, thus indicating that its coefficient is about 


two. 
In this method of determining the coefficient the quantities 


compared are by no means uniform; indeed, it is known that 
the number of crustacea caught in a given haul of the tube may 
be only one-half the number caught in a second haul within a 
few seconds. A single comparison has therefore very little 
value and accuracy in the determination of the coefficient by 
this method can be reached only by a considerable number of ob- 
servations. In my own work I made use -of six sets of obser- 
vations, taken on May 14th, October 12th and 25th, 1895, Feb- 
ruary 25, May 18th, and July 11th, 1896. By distributing 
the observations over so long a time it was possible to get at 
the coefficient of the net at different times in its life and under 
different conditions of plankton. In May the number of crus- 
tacea is at a maximum, and the amount of algae is small. In 
October the number of crustacea is considerable, but the veget- 
able life is at a maximum; while in February the amount both 
of animal and vegetable life is of course small. From four to 
six pairs of observations were taken in each set. The ratio of 
the catch of the tube to that of the net was computed for each 
observation in the set, and the average of these ratios was com- 
puted, using the method of least squares. As a result of 
these determinations, the following ratio was established: 
Tube : net :: 49.85 : 100. The probable error of the deter- 
mination is +1. The appended table shows the general results 
Several facts appear from the table. It will be noticed 
that the amount of difference between the maximum and mini- 
mum numbers caught varies greatly on different occasious. It 
is plain also that the net shows no greater amount of variation 
on the whole than does the tube. On the contrary, on those 
occasions where the numbers are approximately constant in the 
tube, they are similarly constant in the case of the net; and 
where the numbers vary considerably in the case of the net, 
they vary to much the same degree in the case of the tube. 
There is therefore no reason to suspect any considerable irregu- 
larity on the part of the net due to the stoppage of its openings, 
or to any other cause. | 
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TaBLE I.—fesults of determination of coefficient of net. 


Pies. | Ne) OF Monntad CATCH oF TUBE. CATCH oF NET. 
Por leatchos. | ratios, lof eaten. 
Max. Min. Max. Min. 
1895, May 14....... 4 16 1-10 2,910 2, 400 4,760 2,920 
Oct. 12....... 4 16 1-5 1, 482 1,170 2, 292 1,770 
Oct. 25....... 6 36 1-10 8, 490 4,290 14,520 | 10,560 
1896, Feb.25....... 5 25 1-4 1, 420 760 3, 500 1,750 
May 18 5 25 1-10 5, 940 4,310 12,100 | 10,480 
| age Ge 5 25 1-15 4,215 2, 430 8,370 5,680 
igi ge ae OY ia? 


Minimum Ratio; Tube : net :: 21 : 100. 

Maximum Ratio; Tube : net :: 100 : 100. 

Average Ratio; Tube : net :: 49.85 +1 : 100. 

Area of opening of tube : area of mouth of net ::1: 4. 

Hence coefficient of net = 2, approximately. 

Area of opening of net = 314.1 sq. cm. 

Hence to state catch of net in terms of sq. meter of surface, multiply catch by 


a xX 2= catch X 63.6, which factor was used. 


In determining the number of crustacea caught by tube or 
net, each species was counted separately. The individual species 
show just about the same amount of variation as does the total 
catch; although in the case of less abundant species the maxi- 
mum number caught was not infrequently three times the mini- 
mum. In the case of the tube no difference could be detected 
in the range of variation of the numbers of species which are 
active, like Diaptomus, and those which, like Chydorus, or Cy- 
clops, are relatively slow in their movements. During the sum- 
mer of 1896 an attempt was made to determine the coefficient 
of the dredge from the number of spherules of Gloiotrichia, but 
as this plant is found mainly in the uppermost strata of the 
water on calm days, it proved an unsuitable object, and its 
variations in number in successive catches were greater than 
those of the crustacea. 

It may be added that there was no constant position of maxi- 
mum or minimum catch in any series which was made, but the 
numbers varied in a wholly irregular fashion. 
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In all of the werk reported in. this paper and done before the 
llth of July, 1896, a single net was employed. After that 
date the net was replaced by one of silk bolting cloth, number 
16, containing about 3600 meshes to the square cm. This net 
was cut from the same pattern as the old one. In order to 
compare the two nets they were similarly mounted in the same 
frame, and a series of comparisons made to determine their 
relative coefficient. 

To my surprise the two nets showed practically the same co- 
efficient. The numbers caught necessarily varied considerably, 
but the average of each of two series of five pairs showed prac- 
tically the same number of crustacea; the silk net catching on 
the whole about 5 per cent. less than the old net. It did not 
seem necessary therefore to alter the coefficient of the dredge 
with the change of the net. On the 20th of August the dredge, 
with all its appurtenances, was lost by the accidental breaking 
of the line, and the work for the remainder of the year was 
done with a similar instrument of smaller size, having a square 
opening of 100 square cm. The coefficient of this net was de- 
termined by comparing it with the tube, one set of comparisons 
being made by determining the number of the crustacea. A 
second set was made by determining the bulk of the plankton 
caught by the tube and net when allowed to settle for the same 
length of time in similar tubes. Two other determinations 
were made by Hensen’s last method. (Hensen, 95, p. 92.) The 
net was fitted with a cover having an opening of 2.5 square cm. 
Ten successive hauls of the net were made with the small open- 
ing and their contents mingled. This was preserved and allowed 
to settle and compared with the amount of plankton caught with 
the full opening of the net, the two quantities being similarly 
preserved and allowed to settle in similar tubes. The result of 
these three methods of determination of the coefficient of the 
net was substantially identical, the coefficient varying from 1.81 
to 2.04. The coefficient 1.9 was selected, and as a result the 
eatch of this net is multiplied by 190 in order to give the num- 
ber of crustacea per square meter of surface area. 

An important question has been raised, first by Hensen (’87, 
p. 12) and especially by Kofoid (’97, p. 11) regarding the vari- 
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ation in the coefficient of the net due to the accumulation of the 
plankton within it as the net is drawn through the water. Un- 
-questionably the stoppage of the openings of the net by the 
accumulating catch raises the coefficient, and if the net accum- 
ulates a sufficient amount of plankton it will wholly cease fil- 
tering the water. In plankton-rich lakes, therefore, serious 
error may be introduced from this source. Since lake Mendota 
during the summer and autumn contains very large amounts of 
vegetable plankton, it was quite possible that the stoppage of 
the net should cause errors. In order to determine whether 
these errors existed, I regularly made hauls of the net from the 
bottom of the lake to the surface during the season of 1895 
and compared the number of crustacea obtained in the hauls 
from the bottom with the sum of those caught in the six suc- 
cessive levels of my series. I append a table showing the num- 
ber of Cyclops caught in the months from January to July, 
1895, in order to compare the series and the single haul. It will 
be seen that the number of Cyclops varies, often considerably. 
‘Out of 41 cases prior to July 1, the total haul exceeded the sum of 
the series in 24 cases and fell below it in 17 cases. There was 
thus no decided advantage on the side either of the series or 
the single haul. If the amount of variation in this table be 
compared with the amount shown in the catches of the tube in 
Table I, it will be seen that the differences are of much the same 
order as those disclosed by the tube. There is therefore no 
evidence that under .these ‘circumstances the net suffered any 
stoppage in passing through the 18 meters of the lake which 
altered its coefficient to any marked degree over that of the net 
used through 3 meters. 

After the first of July Anabaena and similar small plants de- 
veloped rapidly in the lake, and the amount of vegetable plank- 
ton increased to a great amount. Under these circumstances 
the number of crustacea caught in the total haul varied widely 
and irregularly from the sum of the series, and soon became 
uniformly lower than the sum. It was found therefore that the 
coefficient of the net has been raised by the amount of algae 
present and the catches made by the total hauls were not em- 
ployed in reckoning the number of the crustacea after the first 
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TasiE II.— Showing the number of Cyclops caught by the net at the 
same date and place in a series of six hauls of 3m. each, and in a 
single haul of 18 m. 


Date. oer ai Date. ee pees 

1895. 1895. 
BL Getic anes yes he 400 460 Mar IG sbi eo ie 11,940 14, 300 
WAH Oo cartes 378 550 17,630 
PAN AG S. omen seine'e'siee 505 600 Maw Stic couse ee 19, 470 19, 200 
800 Maw 2010 o3cecse aes 11, 780 16,000 
Meabpeibr os: soh< an eae 870 1, 220 May 22ia.) sank sic avews ak 12, 850 11, 240 
900 MAY A Roaticdue noc ees 16, 710 15, 625 
| 2] Oe Tn ee 2,350 1,180 May SO). 2 picid wacnyedies 16, 220 17, 900 
1, 430 SURO Us. Sorc acgeeeent!| | Eee 15, 200 
Men NG 00) kk Se nen co 345 620 PMG Ss iis as case eel” 00,080 10, 080 
Mirbag tt. sos hae 678 859 || June 10..............] 8,020 7,800 
J Co) CS (esa eta ER 719 844 PHO 32) e 5 se Wasa Seles 8, 070 3 640 
GHZ. teak bccmionss 780 1,355 UNO Teccsscewrsarte 4,530 5, 600 
7.19 eel AEE) eRe 690 710 Rca: 9) faa cee ogee 3, 809 3, 240 
880 5, 680 
Art Otek cits ve cle 1,000 600 UBON2 cece saceee tees 4,760 3, 750 
BSF si horn tice sae sees 2,520 1, 290 Suarre 24 Pee asietcee 3,710 2,120 
Cg a Ae 2,925 3, 550 PMUNG 29! 22 omic nein te es 3, 299 2, 400 
PAOES OO aks pc aienels 06 9,055 9,510 Palys ike semen 3, 190 3, 700 
6, 960 3, 600 - 
7,620 ally Boyce kant Geen 3, 920 3, 300 
5, 250 DULY Geek sows eee 6, 105 3, 960 
EE! SOE sae Arne 15, 470 15, 450 B's) Ea sepa moe apenas 3, 416 2, 560 
MER Tiaiticlew:sess axieicel - \ doy Gan 18, 200 ey: Dh ee ec aces 2, 960 3, 080 
Mba Was 8) sich aw we 11, 980 19, 680 Peely Oc. Sewage 3, 434 3, 120 
| Duly Bhs sccceameieces | 2,791 | 1,840 


of July. The comparisons of net and tube show no appreciable 
difference in coefficient between the catches of October when the 
vegetable plankton is at its maximum, and those of February 
and May, when it is greatly reduced in quantity. There is 
therefore no reason to suppose that the coefficient of the dredge 
is appreciably altered by being raised through the distance 
of three meters. It may be added that results similar to those 
obtained in the above table would be shown if any other species 
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of crustacea had been selected,.or if the total of all the crusta- 


cea had been chosen. 

There is still a third question relating to the coefficient to 
the dredge, namely, does the net function similarly on different 
occasions, or does its coefficient vary irregularly and in such a 
way as to vitiate conclusions based on the hauls of the net? 
This question is partially answered by the determination of the 
dredge coefficient, as shown in Table I. A second answer can. 
also be given. During the winter the numbers of Daphnia and 
Diaptomus do not increase by reproduction, and the successive 
catches should therefore show no very great variation. In a sub- 
sequent section, dealing with the question of swarms, I have 
given the figures for the catches of these genera during the 
winter of 1895, from which it appears that the variation in suc- 
cessive catches made within a short time of each other is no 
greater than may be found between catches made on the same 
day. Still further, a diagram is given (Fig. 21), showing the 
numbers of Cyclops caught during the year 1895. This diagram 
shows plainly that when the average number of Cyclops is ap- 
proximately constant, the individual catches do not ordinarily 
vary greatly from the average, no more than would be expected 
from Cyclops’ necessarily somewhat irregular distribution in the 
lake. An examination of the maximum and minimum catches 
in the tables for the different species shows the same result. 

I do not pretend that I have determined the coefficient of my 
nets with absolute accuracy, nor that the coefficient of the net 
is exactly the same on different occasions; but the careful study 
whose results are summarized above has convinced me that the 
coefficient of the net is quite as constant as any of the factors 
entering into the determination of the plankton. The number 
of the crustacea certainly varies from point to point in the lake. 
Where a fraction only of the crustacea are counted, the deter- 
mination of the number caught is an approximation and is sub- 
ject to error. This error, is, of course, multiplied greatly in 
stating the number of crustacea in terms of square meter of 
surface. Among the variables and approximations which en- 
ter into the statement of the results of plankton work, I think 
it may fairly be said that the coefficient of the net is one of the 
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most constant factors, and that it may be quite as accuratelyr 
determined as any other. 


TEMPERATORES., 


Figs. 1-5. 


The following account of the temperatures of the lake is not: 
intended as a complete discussion of the subject. My tempera- 
ture observations were made at first with the aim of securing: 
approximate results in order to determine the biological rela- 
tions of temperature. The methods employed until July, 1896,. 
while accurate enough for these purposes, are not sufficiently 
accurate for other ends. I have therefore refrained from print- 
ing the observations of temperature, and discuss chiefly the: 
temperature diagrams, which give the result of my observa-- 
tions by weekly or rather, quarter-monthly averages. 


A. Methods. 


Surface temperature observations were taken from the begin-. 
ning of my study, and temperatures from all depths after Octo-- 
ber Ist, 1894. A water bottle and thermometer were the instru- 
ments employed until July 27th, 1896, after which date a ther- 
mophone was used. The latter instrument has proved extremely 
useful and accurate. A full description of the instrument may 
be found in Science, Vol. II. of 1895, page 639. As constructed 
for my work, the instrument ranges from minus 5 to plus 30» 
degrees C., each degree being graduated into fifths. There is: 
no difficulty in reading the instrument to less than 0.1 degree 
C., and its readings are exceedingly accurate, agreeing exactly: 
with those of a standard thermometer with which it has been 
constantly compared. Observations can be made very rapidly, 
the time of a single reading varying from one to one and a half 
minutes, according to the amount of change of temperature: 
from the last reading. 

Tha temperature bottle contained about 14 litres and had a 
small neck. It was lowered to the desired depth; allowed to re- 
main from one to three minutes for the glass to acquire the tem- 
perature of the water; was then uncorked by a sudden jerk on the: 
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line, and allowed to fill. It was then drawn rapidly to the sur- 
face and the temperature read by means of a long-stemmed ther- 
mometer graduated to one-fifth of a degree. The time of rais- 
ing the bottle from the bottom of the lake was ordinarily about 
ten seconds; and the small size of the opening prevented mix- 
ture of the upper water with that in the bottle. The tempera- 
ture of the water in the center of the bottle, which was meas- 
ured by the thermometer, did not change perceptibly during the 
time required for the thermometer to set. The water from the 
lower part of the lake, however, was somewhat warmed by con- 
tact with the glass and the air in the bottle. This error was 
carefully determined by comparison with the thermophone, and 
is about one fifth of a degree C., when the difference between 
surface and bottom is about 10 degrees. 

Errors much more considerable than this occur with the use 
of the temperature bottle at the thermocline. In this region 
the temperature may fall as many as nine degrees in a single 
meter, and not infrequently as much as three or four degrees 
in a quarter of a meter. It is impossible that the bottle should 
take in all of its water from the stratum in which its mouth lies 
as the escaping air sets up currents so that a mixture of the 
water occurs. A difference of half a degree may therefore oc- 
cur between the readings of the thermophone and the bottle in 
this region. In one case the error amounted to two degrees, 
where the bottle was opened a few inches below the upper level 
of the cold water and took in a mixture of this water with the 
lower part of the warm stratum above. The errors at this re- 
gion, however, while considerable, make little difference in the 
average results of observations, since their only effect is to 
make the upper level of the cold water appear to be a fraction 
of a meter lower than it really is. Since this level is subject 
to irregular variations, under the influence of the wind, which 
may amount to two or even more meters, the errors introduced 
by the bottle are insignificant in the average of a week’s read- 
ings. It was intended to correct the observations of the bot- 
tle by means of the thermophone and to introduce the correc- 
tion in the diagrams of temperature. It was found, however, 
that the amount of correction to be introduced in the diagrams 
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was so small as to make it inadvisabie to insert it. In Figure 4 
the change from bottle to thermophone is made in the last week 
of July, and it will be seen that the lines come together with 
great accuracy. 

Above the thermocline the bottle and thermophone agree 
exactly, except at the surface on calm, sunny days, when 
the reading of the thermometer is higher than that of the ther- 
mophone, since by means of the thermometer the temperature 
of a very thin stratum can be taken, while the thermophone 
coil is of such a shape that it reads only the average tempera- 
ture of a stratum some eight centimeters in thickness. 

During the period April— December, 1896, 189 sets of obser- 
vations were made on 135 days varying from 3 to 6 per week. 
In 1895, 196 sets of observations were made on 126 days in the 
same period. 

The temperature observations were made at all hours of the 
day; rarely by night, and must be taken as representing the 
day temperatures of the water. Little difference, however, 
would be made in the diagram if the night temperatures had 
been introduced, as has been shown by an elaborate series of 
observations made in 1897. Observations were regularly made 
by single meters by the thermophone, and also by the bottle 
when the difference between single meters exceeded one-half 
degree C., and often when the differences were tess. 

After recording the temperatures, those for meters not directly 
observed were interpolated, and the average was taken of the 
observations for each meter and each quar ter-month. 

In preparing Figs. 3 and 4 the average temperatures for each 
meter and quarter-month were platted at the proper depth, and 
in the center of the space representing the quarter-month on 
the diagram. The position of the full degrees was then platted 
on the assumption that a uniform decline of temperature is 
found within a single meter. This assumption is incorrect in 
the region of the thermocline as the zone of the most 
rapid decline of temperature is frequently less than a meter in 
thickness, but as this zone varies in thickness and shifts its 
vertical position under the influence of the wind, little error 
results from using this method of platting the average observa- 
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tions of a week. Lines were then drawn connecting the posi- 
tions of the full degrees. In 1895 the diagram is carried to 18 
meters only, the depth at my regular station. In 1896 the 
temperatures were carried to 22 meters, observations being 
taken at that depth nearly every week. Two other temperature 
diagrams are given, showing the movement of the surface and 
bottom temperatures from April to December of the years 1895 
and 1896. 


B. Results. 


Winter Temperatures. 


Lake Mendota freezes at very different dates during the early 
winter in different years, and the time of opening also varies 
greatly. The lake is so large that continued high winds prevent 
its freezing even after long continued low temperatures, and as 
there is no large affluent, there are no spring floods to move the 
ice, which therefore remains until it is greatly weakened by the 
effect of the sun and is broken up by the wind. In 1894 the 
lake froze on December 28th, and opened April 8th, 1895, being 
closed for 100 days. In 1895-96 the lake froze December 6th and 
opened April 28th. The first and last observations through the 
ice were made on January Ist and March 23d, 1895; and De 
cember 9th, 1895, and March 28th, 1896. In the winter of 
1896-97 the lake. froze December 29th, then broke up again and 
did not freeze the second time until January 7th, 1897. It op- 
ened on April 10th, 1897. The ice usually reaches a thickness of 
over 60 cm., and in 1895 became nearly 1 m. thick. 

During the winter the temperature of the surface of the water 
is, of course, zero. The water at the bottom when the lake 
freezes has a temperature which varies in different years. If 
the lake is prevented by wind from freezing during the first cold 
weather of December, it may remain open for days or even 
weeks, cooling very slowly. This was the case in 1894, and the 
temperature at the bottom on January Ist, 1895, was barely one 
degree, and at nine meters was about 0.5°. In 1895 
when the ice on December 9th permitted observations, the tem- 
perature was as follows: 0.5m., 0.3°; 5 m., 1.2°; 18 m., 1.7° 
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It is, of course, possible that the lake should freeze when the 
bottom is at any temperature between 4° and zero. It is hardly 
probable, however, that it often freezes permanently when the 
bottom is lower than 1° or higher than 2.5°. Below the ice the 
temperature of the water rises rapidly, being half a degree or 
even more within less than half a meter of the ice, and below 
this level the temperature rises very slowly and regularly to the 
bottom of the lake, the difference between the water at 0.5 m. 
and the bottom rarely exceeding two degrees. The mud is or- — 
dinarily decidedly higher in temperature than the water just 
above it. (See FitzGerald, ’95, p. 81.) The difference between 
the temperature of the mud and the water half a meter from the 
bottom was sometimes found to be as great as 0.7-0.9° in 
1894-5, and 1895-6, by the aid of the water bottle; while the 
thermophone in 1897 showed differences of 0.3-0.8°. This dif- 
ference varies in different parts of the lake without any assign- 
able reason. 

The temperature of the water of the lake rises during the 
winter, especially during the latter part of February and March 
(Cf. Apstein, 96, p. 18). In 1895 the temperature reached 
nearly 2.5° at the bottom, and 1.5° close to the ice on the 27th 
of March. In 1896, on March 28th, the temperature at one- 
half meter was 2.9°, at the bottom (18 meters) 3.1°. This was 
a rise of from 1.5 to 2° during the winter. In 1897, the tem- 
perature on January 23rd was: 1 m., 0.6°; 18m., 1.8°. On 
March 29th, at 1 m. the temperature was 1.4°, at 18 m., 2.1°. 
This warming of the water is due to the sun. If it were due to 
warm water coming from springs the bottom temperature would 
necessarily rise to 4° before the change appeared in the upper 
water. But this is not the case. The temperature at the bot- 
tom has not reached 4°, in any of the three winters during 
which observations have been taken, until after the breaking up 
of the ice in the spring. It would appear, therefore, that this 
warming must be due to heat which enters the water from above. 

While this rise in temperature is very gradual and is small in 
amount, it has important biological results. The reproduction of 
Cyclops and of the rotifers goes on very much more rapidly at 
a temperature above 1.5° than at a temperature near 1°. In- 
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deed, at the lower temperature the progress of the development 
of eggs is almost suspended, while at a temperature of 2.5 to 3° 
the development of eggs into nauplii and of nauplii into young 
Cyclops goes on with considerable rapidity, and at 1.5-2° it 
is present, though decidedly slower. The history of Cyclops in 
the spring, therefore, depends to a considerable degree on this 
warming of the water under the ice. If the winter is cold, so 


that the warming does not take place, or the rise is only slight, 


the number of Cyclops may remain almost unaltered during the 
winter; while conditions like those of the winter of 1895-96 
permit the development of large numbers of young Cyclops 
ready to take advantage of the increased warmth and food in 
early spring, and so to develop enormous numbers of this genus. 


The spring rise of temperature. 


A glance at Figs. 1 and 2 will show that the warming of 
the lake in the springs of 1895 and 1896 was singularly alike. 
In each year the month of April was pretty steadily warm, and 
the surface of the lake rose rapidly and uniformly in tempera- 
ture for about six weeks following the breaking up of the ice. 
Immediately after the disappearance of the ice the temperature 
of the lake frequently falls, since the breaking up of the ice is 
often caused by a north wind accompanied by a much lower 
temperature than had preceded the breaking up of the ice. This 
fall in the temperature of the water amounted to over one de- 
gree in 1896. But this slight drop is quickly recovered, and if 
the weekly averages are considered it will be seen that the sur- 
face temperatures in both years rose rapidly and steadily. For 
a time the rise in temperature at the bottom is as rapid as that 
at the surface. The length of this time varies, of course, with 
the amount of wind. A succession of warm days, accompanied 
or followed by high wind, will mix the warmed surface water 
with the body of the lake and thus secure uniformity in temper- 
ature. In neither 1895 nor 1896 were these conditions long 
realized; the temperature of the bottom began to lag behind that 
of the surface, and by the middle of May there was a difference 
of 7° to 8° between the surface temperature and that of the bot- 
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tom. In six weeks the temperature of the bottom had risen 
about 5° or 6°, while that of the surface had advanced about 15°. 

The relation of the wind to this warming of the lake is well 
stated by Whipple (’95, p. 207). 

In both of the years of observation, and also in 1897, there 
came in the middle or latter part of May a marked decline in tem- 
perature accompanied with high northerly winds. The effect of 
this was two-fold: first, the surface water was cooled; secondly, the 
wind mingled pretty thoroughly the water of the lake, thus caus- 
ing a sharp rise of temperature in the lower strata. On the 12th 
of May, 1895, the difference in temperature between top (15.6°) 
and bottom (7.7°) was 7.9°; on the 16th the difference was only 
1.5°, and on the 18th only one degree (12.6°-11.6°). On May 
11th, 1896, there was a difference of 8.3° between top (18°) and 
bottom (9.7°), and a thermocline was evidently formed be- 
tween 4 and 6 meters. On May 17th the difference between top 
(15.6°) and bottom (13.4°) was only 2.2°. Thus in both 
years there was a rapid rise of 3-4° in the temperature 
of the bottom water. It is probable that if temperatures could 
have been taken at the most favorable time the lake would have 
been found nearly homothermous in late May, at a temperature 
not far from 11° in 1895, and 13.5° in 1896; The yemees 
of the spring warming was therefore to warm a mass of water 
18 to 24 meters deep from an average temperature between 2° 
and 3° in March to an average of 11° to 14° at the latter part 
of May; with the differences between the top and bottom not ex- 
ceeding 1° to 2° at the beginning and end of the period. 

From these facts it appears that the bottom temperature of 
the lake may vary greatly in different summers, and that the 
bottom temperatures of lakes of the same depth, in the same 
region and season may also vary greatly—much more than the 
temperatures of the surface. Four factors are effective in de- 
termining the bottom temperature; three constant, and one 
variable: (1) the depth of the lake, (2) its area relatively to its 
depth, (3) the shape of the lake and the nature of its surround- 
ings as favoring or hindering the influence of the wind, and (4) 
the amount of warmth and of wind during the spring and the times 
of occurrence of gales and the succession of warm and cold 
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waves. The same factors are also the chief powers in deter- 
mining the position of the thermocline and its rate of down- 
ward movement. 

Very few of the inland lakes of Wisconsin are more than 25-30 

meters in depth, and their bottom temperatures vary more with 
relation to their area than to any other one factor. In the 
Oconomowoc lakes, which are in the same region as lake Men- 
dota, andare of the same depth approximately, but are much 
smaller in area, the temperature of the bottom water does 
not rise much above 7° during the summer. The same is 
true of Cochituate lake, Massachusetts, having a depth of 60 
feet and an area of less than one and one-half square miles. 
(FitzGerald, 795.) Green lake and lake Geneva, Wisconsin, 
both of them not greatly differing in area from lake Mendota, 
but having a depthof 150 to 200 feet, have bottom temperatures 
of about 6°. 
_ In a lake of large area, like lake Mendota, and about 24 me- 
ters in greatest depth, the temperature at the bottom may dif- 
fer widely in different summers. In 1896 the bottom tempera- 
ture at 18 meters at the first of June was nearly 15°; 
in 1895 about 12°, and in 1897 about 11.4°. At 22 meters it 
was about 0.5° lower in each year. Had it not been for the 
gales in the latter part of May the bottom temperatures would 
have been much lower; possibly from 7° to 9°. The extreme pos- 
sible range of bottom temperaturein summer for lake Men- 
dota in different years may perhaps be stated as from 8° as a 
minimum to 18°, as a maximum, and the probable range as 
from 10° to 15°. 


Summer temperatures. 


The temperature of the surface rose rapidly and evenly after the 
fall in the temperature and mixture of water in the latter part of 
May. In 1895 the weekly average rose from about 13.6° to 22.5° 
in three weeks, arate of nearly three degrees per week. In 1896 
the surface rose from 15.4° to 25.1° in six weeks, rising some 
what less regularly and at a much lower averagerate. The period 
of the summer maximum was reached about the middle of June 
in 1895, when the average temperature was 23.5°, and about 
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the lst of July in 1896, when the maximum was about 2.5° 
higher. The maximum surface temperature recorded was 25.2° 
Aug. 1, 1895, and 27.8° July 28, 1896, both at 5 p.m. After 
the maximum has been reached there follows a period in 
which the temperature of the surface is nearly stationary, and 
in which the weekly averages do not vary more than two 
degrees. This period was exceptionally long in 1895, lasting 
from the middle of June to the third week of September, about 
three and one-half months, in which time the weekly averages 
were between 22° and 24°. In 1896 it lasted only about six 
weeks, from the first week of July to the middle of August, 
at a temperature of 24° to 26°. At the close of this period the 
surface temperature falls and the decline once started goes on 
pretty uniformly as shown by the weekly averages, until the 
lake nears the freezing point. In 1895 the temperature fell 3° 
in aS many days at the last of September. In 1896 there was 
a fall of 4.4° during the last ten days of August. 

At the opening of the summer period the temperature of the 
bottom rises somewhat rapidly in the latter part of May, gain- 
ing perhaps 1.5-2° in two weeks. After this the bottom 
temperature is stationary or rises very slowly, not gaining 
a degree in three months. The bottom temperature at 18 me- 
ters lay between 13° and 14° in 1895; close to 15° in 1896, 
and near 12° in 1897. At the depth of 22-23 meters the 
temperature was from 0.4° to 0.6° lower in each year. Late in 
September the water of the lake becomes mingled from top to 
bottom and the temperature becomes uniform. At this time the 
bottom temperature rises rapidly by the mixture of the bottom 
water with the warmer water above. 

During the early parts of the period when the bottom tem- 
perature is nearly stationary, that of the surface rises until the 
difference between bottom and surface amounts to 10° and even 
15° inlate July or early August. As the surface tempera- 
ture declines, the difference between top and bottom becomes 
less and usually amounts to between 4° and 5° in late Septem- 
ber, just before the time when the lake is rendered homother- 
mous by the fall gales. 
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The Thermocline. 


During the summer, then, the difference in temperature 
between the surface and the bottom may amount to 10°, 12°, or 
even 15°. The decline in temperature from surface to bottom 
is, however, not uniform as the depth increases. If a series 
of temperatures is taken about the first of August it will be 
found that there is a layer of surface water from 8 to 12 
meters in thickness whose temperature is nearly uniform, the 
difference between that of the surface and that at 9 or 10 
meters being usually only a fraction of a degree and frequently 
nothing. Immediately below this mass of warm water lies a 
stratum in which the decline of temperature is extremely rapid. 
This stratum may be two or three meters in thickness with a de- 
cline of as many degrees per meter. It may be only a meter or 
even less in thickness, and a decline of as many as nine degrees 
has been observed ina single meter. This layer in which the 


temperature changes rapidly may be known as the thermo- 


cline —the Sprungschicht of German authors. Below the ther- 
mocline the temperature decreases toward the bottom at first 
more rapidly and then more slowly as the depth of the water 
increases, but never showing the sudden transitions which are 
characteristic for the thermocline, the rate of decline rarely 
exceeding one degree per meter of depth. The thermocline was 
first noticed by Richter ('91) in a study of the Alpine lakes. 
Its origin was attributed by him to the alternate action of the 
Sun warming the surface in the day, followed by a cooling at 
night. The alternation of conditions resulted in the formation 
of a layer of water of nearly uniform temperature above the 
colder bottom water. I do not wish to argue against the cor- 
rectness of this theory as applied to the lakes which have been 
studied by Richter and others, but in lake Mendota the concur- 
rence of gentle winds and hot weather are essential to the for- 
mation of the thermocline. In other words, the warmth of the 
surface water, received from the sun, is distributed by the wind 
through a certain depth of the lake, a Gepth which is propor- 
tional to the violence of the wind and the area of the lake. 
(Cf. FitzGerald, 95; Whipple, ’95.) Itcan readily be seen that 
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in a lake of the size of Mendota the water would be of uniform 
temperature from top to bottom if the lake were always agitated 
by violent winds. On the other hand, if the weather were per- 
fectly calm, the lake would be warmed only to the depth which 
the rays of the sun could directly penetrate. Asa matter of 
fact, the formation of the thermocline is due to the concurrence 
of gentle winds and a temperature high enough to warm the sur- 
face water rapidly. | 

The temperature observations on lake Mendota have been 
made chiefly at a station about one-half of a mile from the south 
shore. On bright days in May, with a gentle north (on shore) 
breeze, it not infrequently happens that a thermocline is 
formed, there being a mass of water four or five meters in 
thickness of uniform temperature, below which there is a rapid 
descent in temperature to the cooler water below. When, how- 
ever, the direction of the wind changes and blows off shore, 
this warm water is carried to the other side of the lake, and 
the temperature shows a fairly uniform rate of descent from the sur- 
face to the bottom. If, however, this condition of warm weather 
and gentle wind continues, there is produced a mass of warm 
water on the surface, so thick that however the wind may blow 
there is always a warm stratum floating on the colder water; 
and when this condition has been established, a permanent 
thermocline has been formed. 

A study of Figs. 3 and 4 will show the formation and movements 
of the thermocline as disclosed by the weekly averages. It will be 
seen that in the early part of May the gain of heat is rapidly dis- 
tributed through the whole mass of water. The bottom lags behind 
the surface, of course, but the difference in temperature between 
them rarely exceeds 5° and the temperature of the surface water 
reaches the bottom in 10 days or 2 weeks. During the rapid 
warming of the early summer this condition ceases. The sur- 
face warms rapidly, the winds are not constant or strong 
enough to distribute the heat throughout the water, and the 

ownward movement of the isotherms no longer extends to the 
bottom, but they penetrate for an increasingly shorter distance 
into the water. In 1895, for example, the surface reached an 
average temperature of 15° during the last week in May, 
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and the isotherm of 15° penetrated nearly 10 meters of 
the lake‘in a week; it went down’3 meters further in another 
week, but thereafter moved downward at a rate little exceeding 
one meter per month. In 1896 the 15° isotherm was in- 
cluded in the May depression of temperature, but in late May 
it moved downward nearly 15 meters in one week, 1.5 in the 
week following, and only one meter in the next two and a half 
months. As the temperature of the surface rises above 15° 
the warmth penetrates to a distance increasingly small and 
the isotherms accordingly bend toward the horizontal at a 
level nearer the surface. The gain of heat, however, becomes 
rapidly distributed through the upper water to adepth of 8 to 10 
meters, so that the thermocline becomes permanent at about 
these depths. When the thermocline has once been formed it 
moves downward very slowly. Beginning at about 8 meters in 
late June, it descends somewhat rapidly to about 10 meters, 
but after that moves downward slowly and irregularly, its 
descent depending rather upon the wind than upon the tem- 
perature of the air. In both years the thermocline reached 
the bottom of the lake in the last of September, which would 
make its downward movement about 4 meters per month, but 
the last 5 or 6 meters were passed very rapidly in consequence 
of the gales of late September. 

In 1895 the 18° isotherm was near the center of the ther- 
mocline; it oscillated about the 9 meter level in late June, 
sank nearly 3 meters in July, about 2.5 meters in August, 
and 4.5 in September, the last 3 in the latter half of the month. 
In 1896 the 20° isotherm was near the center of the ther- 
mocline at the outset and crossed the 6 meter level about 
July Ist. It lay at 7.5 meters during the first week of July, 
reached 9 meters about the 20th of the month, oscillated be- 
tween 9 and 10 meters for more than three weeks following that 
date-— weeks of unusually hot weather—until the middle of 
August. At that time the weather changed and continued cool 


_with much northerly wind, under whose influence the thermo- 


cline rapidly sank more than 2 meters during the last half of 
the month and continued this downward movement through Sep- 
tember until it disappeared in the latter part of the month. 


298 Birqe—The Crustacea of the Plankton. 


These temperature diagrams, which give the weekly averages 
of temperature, do not show the actual condition of tempera- 
ture, and especially the temperature of the thermocline, on any 
single date. The thermocline oscillates up and down under or- 
dinary conditions of weather through a meter or more; and the 
effect of averaging the observations of a week is to increase the 
apparent thickness of the thermocline and thus to diminish the 
rapidity of descent of temperature in it. Without any consid- 
erable change either of wind or temperature the thermocline may 
oscillate through 2 or even more meters. The action of severe 
wind is much more apparent. Fig. 5 shows temperature dia- 
grams for August 2, 24, 26, 27, and 28, 1896. It will be seen 
that the diagrams for the 2nd and 24th of the month were 
closely similar, although the surface water had cooled a degree 
or more and the thermocline had descended about 1 meter. On 
the 24th there was a decided fall in temperature of the air ac- 
companied by violent winds from the northwest. The surface 
water fell more than one degree in two days, while the thermo- 
cline was temporarily depressed at the observing station more 
than 4 meters. It lay on the 24th between 10 and 11 meters; 
on the 26th between 14.5 and 16 meters. The temperature at 
the bottom, 18 meters, was raised about 0.4°, at 14 meters 5.6°, 
at 12 meters 4.3°, at 10 meters there was a loss of about 0.6°. 
On the 27th, the wind having fallen to a calm, the thermocline 
had risen nearly 3 meters, while on the 28th, with a gentle 
south wind, it had risen stillfurther, and the temperature curve 
had greatly changed in form. During these three days the 
temperature toa depth of 8 meters had varied very little — too 
little to show in the diagram. This example of changes which 
are going on all the time, shows the following facts: 1. The 
isotherms of diagrams 3 and 4 represent only the average posi- 
tion of the thermocline. 2. The decline of temperature in the 
thermocline is ordinarily much more rapid at any given date 
than is indicated by the average of the week. In other words, 
the thermocline is not nearly as thick as the week’s average 
would indicate. 3. The greatest daily variation in temperature 
during summer is found at the thermocline, where a range of 5 
or more degrees may be registered in a day. These variations 
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are not caused by the warming or cooling of the water but by 
+he fluctuations in the level’ of the thermocline. These fluctua- 
tions go on to a certain extent without an assignable cause, but 
the larger movements, at the station where observations were 
taken, are plainly due to the wind. 4. The upper layers of the 
cool water become mingled by the action of the wind with the 
lower part of the warm water above it and are taken into the 
warm layer. Thus the thermocline moves constantly downward 
during summer, while the water below it is little or not at all 
changed in temperature. 5. The water below the thermocline 
is practically stagnant during the summer, and is cut off from 
direct exposure tosunand air. As a result, it may become unfit 
‘to support most forms of animal life, asis the ease in lake Men- 
dota. 6. The larger changes in temperature below the thermo- 
cline are due to currents caused by winds. 


; Autumn temperatures. 

By the latter part of September the temperature of the sur- 
‘face water has fallen so that it exceeds that of the bottom by 
barely 5°. At this time also gales from the north are 
capt to occur whose effect is to break the thermocline and 


render the lake homothermous. This result is reached _ at 


-different dates for different depths, but in both years the 
lake became homothermous in its deepest parts about two or 
‘three days after the time when a similar condition was reached 
at 18 meters. In each year the homothermous condition was 
reached at a temperature not much exceeding 16°; and in 
general the temperature for the lst of October may be stated 
‘as about 16°. 

The breaking up of the thermocline is accompanied by a 
marked rise in the temperature of the bottom water. In 1895 this 
rise amounted to 2.8° from the 26th to the 28th of September; 
rand in 1896, to about 1.5° in the same time. 

During October and November the temperature falls with 
singular uniformity, as indicated by the weekly averages, pass- 
ing the temperature of the maximum density of water late in 
November. The decline continues steadily until a temperature 
as reached between 2° and 3°, after which the cooling goes 
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on very slowly. The difference of temperature between the 
surface and bottom of the lake during this time is very small. 
In the morning the lake is entirely homothermous. On bright, 
calm days, the temperature of the surface rises, and may become 
as much as 2° warmer than the bottom. This condition 
of things, however, is uncommon, and ordinarily it is difficult to 
find differences between the surface and bottom exceeding 0.1° or 
0.2°. It is a feature of especial interest in lake Mendota 
that the fall homothermous period begins so early and at so 
high a temperature. The autumnal multiplication of many of 
the species of crustacea goes on after this period has been fully 
established, and their vertical distribution at this time is there- 
fore independent of temperature. In the deeper lakes, or 
in smaller lakes of the same depth the homothermous condition 
is reached much later. In Green lake, as reported by Professor 
Marsh (Marsh, ’97, p. 187), it occurs in November at a bottom 
temperature of 4.7°, and at a depth of about 45 meters. 
The rise at the bottom was 1.4°. In Cochituate lake, near 
Boston, at a depth of 18 meters, the homothermous condition 
is reached at about the same time, and at the same temperature. 
(FitzGerald, ’95, p. 74.) This lake has an area of less than one and 
a half square miles. 

During the last of November and the early part of December 
cooling goes on very slowly. The surface temperature fre- 
quently falls to zero, as the result of a calm night, and the lake 
may skim with ice, which is broken up again by the wind. 
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THE ANNUAL DISTRIBUTION OF THE CRUSTACEA. 
I. General Relations of the Plankton Crustacea. 


Figs. 6-11. 


Lake Mendota has eleven species of limnetic crustacea, which 
may be grouped as follows: 


A. Perennial species — 
a. Appearing in great numbers — 

Copepoda. 
Diaptomus Oregonensis Lill}. 
Cyclops brevispinosus Herrick. 
Cyclops Leuckartti Sars. 

Cladocera. 
Daphnia hyalina Leyd. 
Chydorus sphaericus O. F. M. var. minor Lillj.! 


b. Usually appearing as isolated individuals — 
Copepoda. 
Epischura lacustris Forbes. 
Ergasilus depressus Sars.’ 


B. Periodic species -—— 
a. Appearing in great numbers — 
Cladocera. 
Daphnia pulex DeG. var. pulicaria Forbes. 
Daphnia retrocurva Forbes.’ 
Diaphanosoma brachyurum Sars. 


b. Appearing as isolated individuals — 
Cladocera. 
Lepiodora hyatina Lill}. 


To these might be added Bosmina of which a very few indi- 
viduals appear, chiefly in winter, but of which there are never 
enough to make a fair determination of their number a possi- 

1Sometimes absent but not properly periodic. 


* The specific identification is not certain. 
* Formerly classed as a variety of D. Kahlbergiensis or D. cuculiata. 
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bility. Most of the littoral forms of crustacea also appear oc- 
casionally in the plankton, especially after storms, as also do 
Hydrachnids and Ostracoda. 

Of these eleven species, the isolated forms do not contribute 
any appreciable addition to the number of limnetic crustacea. 
Their combined number is rarely as great as one per cent. of 
the total crustacea present. They have, therefore, been neg- 
lected in determining the total number of crustacea, and this 
general account will deal with the eight abundant species only. 

The limnetic crustacea on lake Mendota show a rhythm of de- 
velopment quite complex, but recurring in closely similar form 
during the time covered by my observations, July, 1894— De- 
cember, 1896. (Fig. 6.) Observations less numerous have been 
continued to the present date, September, 1897, and show a 
similar development during the present year. The following 
periods can be distinguished: 


Wier ber nvr TIT A os ces cd wraciek eiceisle Sone clas December to April, then increase to the 
Spree) Hii A RANE Soe on Ao t's niniols tie emiee May geces In May, followed by a great decline to the 
Early summer depression..... .........eeeee June or early July, 

MIG -SUMAMIGR TRAST 2, baci ce ties wale c cmee om July, 

Late summer minimum. ....... 22. cece sence ce Late July or August, 

AG TENIN ta SS oe coe ee eaten incwlasiet eis September and October, declining to the: 


winter minimum, through late October,,. 
November and early December. 


There are, thus, three maxima and minima which are of un- 
equal value. The spring maximum is by far the greatest, the 
crustacea reaching a maximum number of 3,000,000 per sq. m. 
of surface, and in 1896 reaching an average of nearly 2,500,000: 
for the first half of May. This maximum is due almost entirely 
to the rapid development of Cyclops brevispinosus. After the 
maximum has passed, this species rapidly declines in number, 
and the total number of crustacea sinks with it, so that by the 
middle or last of June the number is reduced to less than half 
the maximum. This is the early summer depression, which may | 
be greatest at any time from the middle of June to the first 
week in July. A rapid, but slight, recovery follows, due chiefly 
to renewed reproductive activity on the part of the species al- 
ready present in the lake, leading to the mid-summer maximum, 
in July, Then follows a decline, usually somewhat slow, reach. 
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ing a point of greatest depression about the last of August. 
During this period of decline, most of the periodic species are 
introduced, but their numbers do not usually compensate for the 
falling off in the number of the permanent species. In 1896, how- 
ever, Chydorus increased so rapidly during this time as to more 
than counterbalance the decline in other species. 

In September a rise in the number of crustacea begins, caused 
chiefly by increase in Daphnia of all species and in Cyclops. 
This increase culminates in the last of September or in October. 
This is the fall maximum, which, in general, is decidedly greater 
than the early summer maximum, the crustacea at this time 
reaching a number perhaps two-thirds as great as that of the 
spring maximum. During the later part of the fall and the 
early winter, the number declines very rapidly at first, and then 
more or less slowly, until the winter conditions are established 
with the freezing of the lake in December or early January. 
The rapidity of the decline varies in different seasons, depend- 
ing upon the abundance of the periodic forms and upon the num. 
ber of young Cyclops and Daphnia hyalina, which are produced 
in late autumn. The climatic conditions also affect the rapidity 
of decline; the rate of fall of temperature, the storms, etc., hav- 
ing a decided influence in hastening or retarding the approach 
of the winter conditions. Near the last of December, however, 
these conditions are fairly established, and the crustacea pass 
through the winter with but little change in number and aver- 
aging from 100,000 to 200,000 per sq. m. of surface. 

A glance at Fig. 6 will show that this complex rhythm 
recurred with an exactness quite surprising. While the abso- 
lute number of crustacea present varies considerably, the shape 
of the curves indicating the movement of the limnetic popula- 
tion is strikingly similar. The resemblance is the more surpris- 
ing when we consider that these maxima and minima are due to 
the increase and decrease of eight species of crustacea, whose 
numbers are independent of each other, av! which appear in 
very different numbers at different seasons and at the same sea- 
son in different years. The lines of diagram 6 represent, there- 
fore, the sums of a number of independent variables, never fewer 
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than three in winter nor more than eight in the period from 
July to October. ; 

In the study of this rhythm of development, three facts may 
well be noticed in the first place. First, the number of crus- 
tacea in lake Mendota is to a singular extent dependent upon 
the perennial forms. In other lakes it often happens that the 
periodic forms are the dominant members of the summer popu- 
lation. Of these forms, Bosmina is practically entirely absent 
from lake Mendota; Diaphanosoma appears in small numbers 
only; and Daphnia retrocurva only rarely equals in number the 
related species, Duphnia hyalina. There is, therefore, no great 
increase in numbers in summer dependent on summer forms 
alone. Indeed, the influence of the periodic species is not 
greatly felt until September, and the shape of the developmental 
curve would not be greatly altered, were the periodic species 
omitted. 

Second, Chydorus occupies a peculiar place among the plank- 
ton crustacea. It is properly a marginal form, and appears in 
the limnoplankton only under favorable conditions. Apstein 
has connected its presence in the limnetic region with that of 
Chroococcaceae. My observations seem to connect its abundance 
in the limnoplankton with an abundant development of these and 
similar plants. In other words, it seems true for lake Mendota that 
periods when the diatoms and Ceratiumare the only abundant algae, 
are periods when Chydorus is present in small numbers; while 
in periods when the Schizophyceae or Anabwena abound, Chydorus 
is also abundant. The maxima of this species, therefore, have 
occurred without close reference to temperature or season, and 
may come at any time from June to late October. These maxima 
are also very irregular in amount, number, and duration. 

Chydorus, also, is peculiar in the limnoplankton on account of © 
its small size. It contains little more animal matter than a good- 
sized nauplius, and decidedly less than an embryo Daphnia. 
While, therefore, a great abundance of one form of plankton 
crustacea usually affects unfavorably the number of other spe- 
cies, Chydorus appears to be more independent of the presence 
of other forms. It seems, as it were, superposed on the regular 
limnoplankton, rather than a part of the general limnetic life, 
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and its rise and fall seem measurably independent of the condi- 
tions to which the other species respond. 

A third fact concerns Daphiia pulicaria. This species had a 
biennial period of development about thirteen months long, ex- 
tending from July to August of the following year, and a period 
of rest, in which it was almost entirely wanting in the plankton, 
extending from late August to the following July. In 1894 a 


few representatives of this species were found in July, and it ~ 


wholly disappeared in August. In 1895 they were an important 
constituent of the crustacean life from July on, increased greatly 
in late fall and early winter, and continued numerous through- 
out the winter. In April and May, they increased enormously, 
producing maies and sexually mature females, and then declined, 
practically disappearing in September. This species was there- 
fore a constant and important factor in the number of the crus- 
tacea during the last half of 1895, the following winter, and the 
spring and early summer of 1896. It was absent during the 
latter half of 1894 and the spring and early summer of 1895. 

I will now pass to a brief discussion of the general crustacean 
life as it appears in the different seasons. I shall reserve most 
of the discussion of the causes and conditions affecting the num- 
ber of crustacea to a later chapter. 

The Crustacea in Winter. 

All of the perennial crustacea are, of course, constituents of 
the winter plankton, and their numbers are not very unequal. 
The number is by no means small, averaging about 125,000 per 
sq. m. from January to the middle of April, 1895, and about 
235,000 from January to April Ist, 1896. The following list 
shows the species present during the two winters in question. 


TaseE III.—Species, with average number of each per square meter. 
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It will be seen that in 1895 there were present only three 
species, while in 1896 two others were added. In 1897 the con- 
ditions were essentially similar to those of 1895. Indeed, while 
the time from which my observations have extended by no means 
warrants any positive assertion in the matter, there seem to be 
distinct indications of a biennial periodicity in the plankton in 
respect to crustacea, algae, and rotifers. Observations must be 
continued, however, over a much longer time before any definite 
statement can be made on this subject. 

The winter numbers of each species are on the whole singu- 
larly constant through the season, as will be seen by reference 
to the tables giving the numbers of the several species. The 
death rate must be very low. During the period, January— 
March, the variation in the number of crustacea taken in 
twenty or more catches made each winter vary to an extent 
hardly greater than might be found in catches made close to- 
gether on the same day. It would be very difficult to prove 
any considerable decline in numbers of Diaptomus or Daphnia 
during the winter and they do not increase by reproduction. 
Cyclops produces eggs much more abundantly than the other 
species, and the adults seem to become fewer in late winter and 
late spring, but their number is more than made good by young 
individuals. In 1895 Cyclops began to show numerous egg clus- 
ters in February, and about ten per cent. of the specimens were 
egg-bearing females. These eggs developed very slowly, and 
few nauplii and almost no young Cyclops were seen. In 1896 
the reproduction of the Cyclops hardly stopped at all during 
winter. In the middle of January nearly one-half the Cyclops 
bore eggs, and numerous nauplii were present. By the middle 
of March the nauplii had grown to young Cyclops, from three- 
fourths to seven-eighths of the total number of the species were 
immature young. 

The winter minimum therefore falls in the period before 
Cyclops has begun this winter reproduction. In 1895 the mini- 
mum came in January and in February in 1896. Yet through- 
out the winter months the numbers are so constant that no well 
marked minimum can be placed at any date. In 1897 the condi- — 
tion of Cyclops was intermediate between those of 1895 and 1896. 
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Young Cyclops began to appear under the ice, but the condi- 
tion of the species in the middle of March resembled that in 
the middle of February in 1896, and the progress of the develop- 
ment was in general about a month later. 

The rotifers also show similar differences in reproduction in 
different seasons. Of this group there are regularly present 
during the winter, Triathra, two species of Notholca, Anurea 
aculeata, cochlearis, and brevispinosa, Synchaeta pectinata, and a 
species of Oecistes. All these reproduce more or less actively, 
and become quite abundant before the breaking up of the ice. 
Other species are present in smaller numbers. 

The difference in the reproductive activity of these animals 
in different years seems to depend upon the temperature of 
the water, as will be explained at length in a iater section of 
this paper. In allseasons there is an abundance of food. One 
of the chief winter algae is Aphanizomenon, which continues its 
development vigorously throughout the entire winter. Several 
species of the diatoms are also present, and in 1896 Fragilla- 
ria and Diatoma contributed largely to the plankton algae, but 
in 1895 and 1897 were insignificant in quantity, as compared 
with Aphanizomenon. There is no season of the year in which 
the crustacea fully overtake the food supply, except at the time of 
the spring maximum. During the winter the crustacea are ac- 
tive and fat, but those species which do not reproduce do not 
increase in size. Careful measurements of numerous individuals 
of Daphnia hyalina showed no appreciable increase in the aver- 
age size between December, 1894, and April, 1895. When the 
temperature of the water is between 1.5 degrees and 2.25 de- 
grees C., Cyclops develops very slowly or not at all from the 
nauplius state to that of the immature Cyclops, but at tempera- 
tures above 2.5 degrees the development goes on, although, of 
course, more slowly than at higher temperatures. 


The Crustacea in Spring. 


Lake Mendota has no large affluent, and the breaking up of 
the ice is slow, since it is due to the combined action of rain, 
sun and wind. The date of the disappearance of the ice differs 
greatly in different years. In 1895 the last expedition on the 
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ice was made March 27th; in 1896, March 29th. The first col- 
lection in water was made April 12th, 1895, April 4th, 1896. 
In general, the lake opens either wholly or over the greater 
_ portion of its surface about the lst of April. The period im- 
mediately following the opening of the lake seems to be a time 
of trial for most of the limnetic crustacea. The temperature of 
the water increases very slowly at first, or, indeed, may be 
lowered temporarily; and the surface is, of course, agitated ay 
gales which are so frequent in April. 

During the spring Cyclops ordinarily increases in numbers 
with a rapidity dependent on the rise of temperature in the 
water, and upon the reproductive condition of the species at the 
time of the disappearance of the ice. Diaptomus and D. hyalina 
do not begin to rise in numbers until after the first of May, as 
may be seen by reference to Figs. 8 and 9. During April these 
Species are wont to decline in number, so that the smallest 
catches made during the year ordinarily come in the latter part 
of April or the first of May. Cyclops, however, increases with 
great rapidity. Reference to the diagrams and tables will show 
that in 1895 Cyclops increased more than fourfold in number 
during two weeks, and that this increased number was nearly 
quadrupled during the next two weeks. In 1896 Cyclops ad- 
vanced with even greater rapidity and about two weeks earlier 
than in 1895. In each year the increase in Cyclops was about 
a month in advance of that of Diaptomus or Daphnia hyalina, and 
in 1896, about two weeks ahead of the multiplication of Daph- 
nia pulicaria. The spring maximum is reached during the 
month of May, either in the first or the latter part of the 
month, according to the temperature. At the maximum the 
population of the lake consists largely of Cyclops, about 70 per 
cent. of the total in 1895, and 80 per cent. in 1896 consisting of 
this species. 

The multiplication of the crustacea and rotifers during the 
spring seems to be more rapid than that of the algae, and in late 
spring at the time of the maximum, the algae are far less 
numerous with respect to the crustacea than at any other season 
of the year. In a word, the eaters multiply in excess of the 
food. This undue multiplication of the crustacea puts a check 
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on their development. At the time of the maximum Cyclops 
may number more than 2,500,000 per sq. m. of surface, but of 
this enormous number only a very small fraction ever become 
sexually mature. In any catch made at this season of the year, 
not more than five per cent. are mature, and not more than one 
or two per cent. are egg-bearing females. The great majority, 
therefore, of these Cyclops die without reaching maturity, and 
after the maximum has been passed the number of Cyclops de- 
creases even more rapidly than it rose. The decline may go so 
far that in June the number of this species is scarcely larger 
than in March. 

During this decline of Cyclops, the other perennial species are 
increasing in number, but their combined increase is more 
than counterbalanced by the decrease in the number of Cyclops, 
so that the late spring and early summer show a marked decline 
in the total number of crustacea. 


The Crustacea in Summer. 


The summer life of the crustacea begins with the decline from 
the spring maximum to the early-summer minimum. This de- 
cline is dependent in part on the decrease of Cyclops. In part, 
also, it depends on the fact that both species of Daphnia regu- 
larly decline after a brief maximum in late May or early June, 
and in 1895 Diaptomus showed the same decline. The total 
number of crustacea may be thus reduced to one-fourth, or less, 
of the number present at the spring maximum. The lowest 
point of numbers was about the middle of June in 1896, and 
about the first of July in 1895. In 1894, when observations be- 
gan, during the first week of July, the crustacea were apparently 
at. their minimum, which was exceptionally low in that year, 
owing to the peculiar character of the vegetation during that 
season. It was not greater than the number in the winter of 
1895-96. 

The crustacea increase in number after the early-summer 
minimum. This increase seems to be due to two causes. First, 
the development of species hitherto represented in small num- 
bers. In all years there comes at this time an increase of Cy- 
clops Leuckartii. The numbers of this species differ greatly in 
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different seasons. In 1894 it was only a small fraction of the 
total number of Cyclops present, while in 1896 it was quite as 
numerous as Cyclops brevispinosus. In 1896 Chydorus developed 
in great numbers in the latter part of June and early July. 
This development coincided with the presence of great quantities 
of Aphanizomenon. In 1895, which was characterized by a pre- 
dominance of diatoms among the plankton algae during the sum- 
mer, there was no marked development of Chydorus until au- 
tumn. The second cause of this midsummer increase is the re-_ 
newed reproductive activity of the perennial species, especially 
Daphnia hyalina. These species has a marked reproductive period 
and maximum in the spring, (Fig 16) at which time from five tonine 
eggs may be produced. After the production of the spring 
broods the reproduction is greatly checked, and the species de- 
clines rapidly in number; but when the summer temperature of 
the water has been established, the species again reproduces, so 
that its numbers increase rapidly. Only twoeggs are, however, 
regularly produced at once during the summer. 

The result of these additions of new forms and increase of 
old ones gives a marked rise of the total number of the crus- 
tacea in late June and early July. This rise was very feeble 
in 1894, owing to the wholly peculiar condition of the vege- 
tation, as stated elsewhere. 

From this mid-summer maximum all of the species, except 
Chydorus, usually decline steadily and somewhat uniformly until 
the middle or the last of August. Three possible causes may 
be assigned for this decline: first, the exclusion of the crustacea 
from the deeper water of the lake; second, the increased tem- 
perature of that part of the lake inhabitable by them; third, 
the great development of Ceratium, which regularly becomes a 
predominant alga during this period, and which is much less 
available as food than the diatoms and Schizophyceae. Cera- 
tium exerts a more unfavorable influence on the number of the 
crustacea from the fact that the young crustacea are quite un- 
able to eat it. It is so large and its shell is so hard that they 
cannot master it, yet Ceratium occupies, with its enormous 
swarms, the upper strata of water, which naturally belong to 
_ the young crustacea. While, therefore, the adult crustacea may 


The Annual Distribution of the Crustacea. 311 


find abundant food in the deeper strata, the young are unable 
to develop, and thus the total number of the limnetic crustacea 
slowly declines. The insect enemies of the crustacea, notably 
Corethra, are also very numerous at this time, but the number 
of these which I have found is not great enough to account for 
the decline in the number of the crustacea, and the increase of the 
crustacea begins in September, before the insect larvae begin 
to decline. I assign most influence to the first and third of the 
unfavorable influences which I have named. During this time 
the periodic species are added but their numbers are usually 
not great until after the first of September. 


The Crustacea in Fall. 


The number of the crustacea begins to increase with the 
opening of September (compare Figs. 6-9) and the increase 
continues during that month and into October. This increase 
is due in part to the increase in number of the perennial species. 
Daphnia hyalina and Cyclops brevispinosus multiply and reach a 
maximum in late September or in October. To these species 
are added the periodic forms, which are present in August, but 
ordinarily not in sufficient numbers to balance the decline in 
the other species. During September, however, all increase in 
number together, and bring the total number at the fall maxi- 
mui to a point more than half as great as that at the spring 
maximum. In 1894 the maximum, 821,000 per sq. meter was 
reached in the first part of October; in 1895, the maximum was 
768,000, in the early part of October; in 1896, there were two 
maxima, one in early. September, numbering 1,441,000, of which 
more than half was due to Chydorus. The other, the fall maxi- 
mum proper, was 1,368,000 and came in early October, or leav- 
ing out Chydorus, 1,123,000 in late October. The figures are 
the semi-monthly averages. The difference in these dates is 
apparently dependent upon temperature. If October is warm 
and pleasant, the development of the crustacea continues longer, 
_and the maximum is greater than under other climatic condi- 
tions. In all seasons food is present in superabundance at this 
time of the year. The algae are at a maximum, and are enor- 
mously in excess of any demands made upon them by the crusta- 
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cea. The species present are those which are most easily avail- 
able as food, so that both in kind and quantity of food, the 
crustacea find the most favorable possible conditions from early 
September to the latter part of November. Temperature is the 
predominant factor in influencing their development. 

In 1894 and 1896 Chydorus was present in great numbers. 
Both of these seasons were characterized by the great abundance 
of Aphanizomenon. In 1895 and 1897, when the predominant algae 
were almost exclusively diatoms, the number of Chydorus was 
extremelysmali. Diagram 10 shows the number of crustacea from 
July to December, after subtracting Chydorus. It will be seen 
that the form of the curves is strikingly similar in all years, 
and that the numbers are extremely close for 1895 and 1896, 
with the exception of a great rise in late October, 1896, which 
was due to the sudden multiplication of Daphnia hyalina at that 
time. 

From the fall maximum the number declines, at first rapidly, 
and afterwards more slowly toward the winter minimum. The 
rapidity of the decline depends upon several factors. Ifa large 
number of young forms are produced late in the season, many 
of them die as well as their parents, and the decline in num- 
bers is correspondingly rapid. The number of the periodic 
species also exerts a great influence. In 1896, when Daphnia 
retrocurva was present in large numbers, its sudden disappear- 
ance at the close of its sexual period aided to cause a rapid de- 
cline in the total number of crustacea present. .The climatic 
conditions also exert a great influence. A rapid decline in tem- 
perature, accompanied by violent storms, causes the numbers to 
sink more rapidly than a more equable approach of winter tem- 
peratures. In any case the number of the crustacea falls off 
rapidly during November, more slowly during December, and 
by the middle or last of that month the lake freezes and the 
Winter conditions are fairly established. 

The different species of limnetic crustacea enter the winter in 
very different conditions. Daphnia hyalina produces in the late 
fall large numbers of young, which serve to carry the species 
through the winter. The old individuals disappear during No- 
vember aud December, very few lingering into January. Dur- 
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ing the same months, those individuals of Daphnia retrocurva. 
disappear, which have survived the reproductive period. Diap- 
tomus begins its decline in September or early October, and 
seems to make no special provision for winter forms. Cyclops 
continues its reproductive activity through the year, at least in. 
periods when the temperature of the lake is above 2° C., but 
with arate of multiplication declining as the temperature falls 
below 15°. Larval Copepods are present in great numbers at 
all seasons, but their development into later stages is checked in 
winter. Chydorus seems to have the same habit as Cyclops; but, 
for causes as yet unknown, it almost disappeared in the winters. 
of 1894-5, 1896-7, although abundant in the preceding autumns, 
and present in considerable numbers in the winter of 1895-6. 
Daphnia pulicaria had a marked reproductive period in early 
December, and continued reproduction at aslower rate through- 
out the winter. Diaphanosoma disappears in October, and. 


_Leptodora in late November or early December. 


TABLE I1V.—Average number of crustacea for each two-week period and 
their sum, stated in thousands and tenths per sq. meter of surface. 


. . : Diap- 
Diep: | Cv. |P.pulkD bye! retro. | {OBY: | hano- | Total 
1894 
MES ACE seals vistas vs besides 242.2 39.8 6.4 19.8 a a a 306.2 
2 Na 2] a, a 298.9 | 151.0 8.3 13.3 a a 0.8 | 472.3 
MATUSHI-1WD....6...522.0- | 218.7 | -161.0 1.1 16.6 ce 6.3 | 401.1 
musust 16-31... os. 87.4 | 200.3 0.8 60.7 a 15.0 18.0 | 382.2 
September eT es eC el ett Gert Ale EL ee is Tha cal lie ae < 
September 16-20........ 54.6 | 190.1 a 148.4 a. |278.9 19.6 | 691.6 
October 1-15............ 67.6 | 347.1 a 207.6 a 193.3 5.2 | $20.8 
October 16-31.. 38.3 | 261.3 a |252.5 a 202.0 3.0] 757.1 
November 1-15.......... 44.0 | 246.4 a 183.1 a 97.9 a 571.4 
esi asenG See ere eo ek Pee ack Peek sallase NON Let etiwanda saalecmne abl aime ewe 
December 1-15...........| 28.9 75.0 a 121.5 a 9.5 a 219.9 
December 16-31.......... (16.7)| (44.5) a (49.0) mals (L1G) a (111.9) 
1895. 
January 1-15 ............ 17.5 21.5 a 40.8 a 1.3 a Sri 
January 1-15 ............| (15.9)} (40.0) a (55.9) a (2.0 ) a (111.8) 
February 1-14...........1 (44.5)' (80.8 a (75.3) a a a (200.6) 
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TaBLE [V.—Continued. 
Diap-| Cy- |D.puli-|D. hya-| D- | cChy- | Dia 
tomus.| clops. | caria. | lina. ae dorus hangs Total. 
1895. 
February 15-28.......... 28.07) 98.0 oe 65.8| a a a | 166.9 
Mareh $15 oo ssncis satiedec 28.3 55.7 a 34.7 a a a 118.7 
March 16-31 ............. 34.7 66.2 R a 63.6 a a a 164.5 
ap AAS. 5.504. dacceeae: 6:0) H89| a) 264) a a a | 943 
April 16-30...............] 20.6 | 242.5 a 16.3 a | seat. a 229.4 
SIENA (8 eg eeeRe 34.4] 864.9] a 28:9| a | 12:0] > eee 
BLA TEST a ae inisisie see's Seis 207,9 | 944.4 a 250.7 a 16.5 a |1419.5 
Soy css LA eRe or 285.0 | 616.9 a | 319.2 a 36.7 a |1256.6 
June 16-30 ...........-...| 190.6 | 262.6 a 135.6 | Scat. 21.9 a 610.7 
July 1-15 ................| 187.4 | 323.6 | Scat. | 139.9] 9.7] 156.8] Scat. | 817.6 
July 16-31 ......... 217.8 | 1381.4 11.6 |275.3 31.5 | 163.4 6.9 837.9 
August 1-15....0. 4. .0,0-5, 11055,| 207.6 19.9 |273.0 68.2 78.6 31.5 689.1 
August 16-31............. 101.3} 129.6 38.1 | 252.8 50.1 18.7 32.2 622 8 
September 1-15.......... 224.6 | 142.0 33.8 | 202.8 23.8 15.6 27.1 669.7 
September 16-30......... 331.5 | 226.0 98.2 | 201.6 53.6 | Scat. 17.2 | 928.1 
October 1-15............. 148.4 | 327.5 26.9 | 180.5 | 72.5 8.6 3.4 767.8 
October 16-31............ 19.7 | 219.7 23.5 76.6 | 70.9 8.1 a 478.5 
November 1-15 .......... 55.8 | 144.7 49.6 56.2 59.3 25.9 a 391.5 
November 16-30........- 46.0 | 135.4 58.3 | . 48.2 24.2 19.7 a 331.8 
December 1-15.......... 33.6 90.2 | 141.1 35.0 5.0 15.9 a 320.8 
December 16-31.......... 58.0 89.1 99.8 44.6 0.7 20.9 a 313.1 
1896. 

January 1-15............. 48.6 | 111.0 88.2 36.2 a 10.1 a 294.1 
asanuwary 16-31. ....0.. 2.5 28.3 | 151.0 24.8 17.3 a 19.5 a 240.9 
February 1-14...........} 38.9 91.6 64.1 19.6 a 4.8 a 219.0 
February 15-29... ........ 35.0 82.0 43.9 27.0 a 3.8 a 191.7 
Marebt 2-05 occ sicelsices S| cninie sare alice icecewmall spice saran|sme eee Leta Ouin Pains clas fins 
March 16-32. isc aces os 33.3 | 212.5 20.9 13.5 a 1.4 a 281.6 
APE HD ica dei ce siartr a 35.2 | 400.7 28.0 14.6 a 1.9 a 480.4 
ABET TG-8Os sisias sinlele seitgne 29.9 |1,011.2 | 118.2 15.2 a 9.8 a 1,184.3 
May 1-15.................] 102.3 |1858.4| 284.9 | 124.6 a 28.0 a |2398.2 
Mivy 16S os es cdots 360.2 | 705.9 | 533.6 | 270.8 a 30.8 a |1901.3 
PUNE BANG 5. scsi sieves. cee 343.5 | 189.5 | 168.6 55.6 a 87.6 a 844.8 
June 16-30 386.2| 358.7] 78.2] 2111] a | 230.8] a | 1,265.0 
POPE SED csc chad Soe weed 202.9 | 371.0 39.3 | 319.0 a 382.0 a 1,314.2 
aly lG-ky vie psangiactccns 152.1? 317.5 11.8 65.5 2.5 245.1 | Scat, 776.5 
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TABLE 1V.—Continued. 


Diap-| Cy- |D.puli-|D. hya-| _?- | chy- | Piar- 


tomus.| clops. | caria.| lina. | (37,4, | dorus. anid 
1896. 
PAMICMSG IUD... cis05 oeescns 91.9 | 326.8 3.7 95.2 27.6 | 406.5 8.9 960.4 
August 16-31........ nee 167.0 | 209.0 5.9 60.9 57 1| 426.0 | 147.4] 1073.3 
September 1-15.......... 1259 | 157.1 23.5 | 120.4] 157.7 | 748.6] 108.3 |1440.9 
September 16-30......... 163.4 | 228.6 |~ 3.4 192 5 | 228.6 | 263.0 832.9 |1112.4 
October 1-15 ............ 52.8 | 364.8 0.4 | 228.0 | 199.3 | 423.7 0.4 |1368.4 
“October 16-31............ 48.& | 469.5 a 511.5 92.7 | 191.9 a {1314.8 
November 1-15...........| 29.8 | 267.7 |Scat...| 314.6 9.9 62.7 a 684.8 
November 16-30.......... 23.5 | 173.9 |Scat...| 266 0 a 69.3 a 537.7 
December 1-15...........| 29.3] 115.5 |Scat...} 182.8 a 38.2 a 365.8 
-December 16-31.......... 24.7 93.1 |Scat...| 138.9 a 28.1 a 284.8 


In this table maxima are indicated by bold faced type and 
minima by italics, a, means absent; scat., scattering individ- 
uals not enough to count. Parentheses indicate that observa- 
tions were made on a single date in the two week period; —, 
indicates no observations. 

Although the general course of the development of limnetic 
crustacea is so nearly the same in successive years, yet the com- 
position of the crustacean population may differ very widely. 
This will readily be seen from the tables, and still more easily 
by the diagrams which show the numbers of the individual 
species of crustacea in the different years. A single illustration 
is given in Figs. 11, 12, and 13. These diagrams represent 
the average number of the crustacea in the latter half of Sep- 
tember, 1894, 1895, and 1896. The area of the circles is pro- 
portional to the total number of crustacea, and the size of the 
several sectors is proportional to the number of the individual 
species. It will be seen that while the total numbers are not 
very widely different, there is a great divergence between the 
individual species. Diaptomus, for example, is by far the most 
numerous in 1895, while in 1894 it is the next to the smallest. 
In 1894, on the other hand, Chydorus is by far the largest; 
while in 1895 it is not represented at all. D. retrocurva is one 
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of the most important species in 1896, and had a fair develop- 


ment in 1895, while in 1894 it was wholly absent. No reason 


can be given in most cases for these variations in individual 
species; but where a cause can be assigned, the subject is dis- 


cussed in the section which deals with the single species in 
detail. 

Diagrams 8 and 9 show on single charts the numerical rela- 
tions of the most important limnetic crustacea during the sea-- 


sons of 1895 and 1896. Several facts become very plain from. 
these diagrams. First, the development of Cyclops precedes. 
that of Daphnia and Diaptomus by nearly a month, and precedes. 
that of D. pulicaria by something more than two weeks. This. 


relation held in both years, although the development of all 
the crustacea was some two weeks earlier in 1896 than in 1895. 
Second, in both years Daphnia hyalina and Diapiomus began 


their development together in the spring and rose together to: 


the spring maximum. This coincidence was probably due to the 
rapid warming of the lake in both seasons. Figs. 1 and 2 
show that the temperature of the water rose with much the same. 
rapidity in the two years. Diaptomus requires a higher tem-- 
perature for its development than does Daphnia, as is shown 
by the fact that it declines steadily after the lake falls below a. 
temperature of 20°, while DapAnia has its great autumnal pe- 
riod of reproduction in the month of October when the tempera- 


ture is below 15°. In the spring of 1897 the warming of the 


lake was slower than in either of the two years covered by my 
study, and the development of Diaptomus lagged decidedly 


behind that of Daphnia. I am not able, however, to give the- 


exact numerical relations. 


Diagram 9 shows also that Daphnia pulicaria began its course: 


of development about two weeks in advance of Daphnia hyalina. 


Another fact is disclosed by Figs. 8 and 9, namely, that in. 
each summer some one species of limnetic crustacean appears. 


to take the lead, and decidedly dominates the other forms. In 
1894, as shown by Fig. 7, this species was Diaptomus. In 


1895, as shown by Fig. 8, Daphnia hyalina maintained its. 
numbers full through July and August, gradually declining: 


through the autumn, and being nearly twice as numerous as. 


a a 
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Fic. 11.—Crustacea, Sept. 16-30, 1894. 
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Fic. 12.—Crustacea, Sept. 16-30, 1895. 
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Fic. 183— Crustacea, Sept. 16-30, 1896. 
See Table IV and p. 315. 
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the other two leading genera. In 1896 Cyclops held a similar 
place, recovering rapidly from its early summer depression and 
maintaining its numbers full throughout July and the early part 
of August. | 
The diagrams show further how all the species of crustacea 
‘increase in September, and that the rise persists to different 
dates in the Jater autumn. In 1895 Diaptomus showed a max- 
‘imum in late September, and that of Cyclops came in the first 
thalf of October. In 1896 Daphnia hyalina and D. retrocurva 
rose together from the latter part of August to the middle of 
‘October, when the former species had a period of enormous re- 
production, while D. retrocurva, which had produced its ephip- 
pial eggs, rapidly declined in number. The increase of Cyclops in 
this year also continued until late October. The diagrams show 
‘further how all species rapidly decline in number in November, 


-and then more slowly during December, reaching their perma- 


nent winter condition in December, or at latest about the first 
of January. 
The feature of the annual distribution of the crustacea which 


‘surprised me most in the progress of my work is the great dif- 


ference between the numbers of the same species of crustacea 
present in successive years. I do not refer so much to the larger 
or smaller numbers of forms like Cyclops, for whose variations 
‘causes can be assigned, at least in part, but rather to such facts 
as those shown by Daphnia retrocurva and by Diaphanosoma, 
which are either absent, or present in very small numbers in 
‘one season and appear in great numbers in another year. For 
such variations it is very difficult to assign even conjectural 
‘causes. 

A similar fact has appeared in the succession of the algae. 
It is not true for lake Mendota that the forms of algae suc- 
ceed one another in a definite order in successive seasons, 
so that one can be sure of finding certain forms at certain 
times of year, as would be the case with plants of woodland or 
prairie. For example, in the winter of 1894-95 Aphanizomenon 
and Clathrocystis were the predominant algae after the early part 
of January. In the succeeding winter these plants were almost 
entirely absent and Diatoma was the predominant form. In the 
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winter of 1896-97 Aphanizomenon and Diatoma were present. 


together; the latter form being more abundant at the opening 
of the winter and the former relatively increasing towards. 
spring. Asterionella has been regularly present in all years as- 
a small part of the summer plankton, but never has been predomi-- 
nant except during a short time in the spring of 1897. Ceratium. 
has been a leading alga in the summers of 1895 and 1896, but in. 
1894 and 1897 there was no Ceratium period. Lyngbya predom-- 
inated in July, 1895, but scattered filaments only were present. 
during the succeeding two seasons, while in August and Sep- 
tember, 1897, it was again present in considerable numbers,,. 
though nowhere near as great as in 1894. The summer-of 1895, 
‘was definitely a diatom season, as was also that of 1897, very 
few of the Schizophyceae being present; while in 1896 the latter- 
plants predominated, although a considerable number of dia-- 
toms were always present. In the autumn there has always. 
been a diatom period, but the predominant forms have been. 
Diatoma, Fragillaria, and Melosira in different seasons. The: 
first alga to develop in the spring is one of those which has. 
predominated during the winter, but the order of succession: 
in the forms which follow is wholly uncertain, as the few illus-- 
trations given above sufficiently indicate. 


LARGEST NUMBER OF CRUSTACEA PER CUBIC METER. 


The following list shows the largest number of crustacea found! 
per cubic meter. It is computed on the assumption that the ani- 
mals are equally distributed through the three meter space cov-- 
ered by each haul of the net and gives the average per cubic: 
meter for the distance of three meters. In reality the maximum: 
at the stratum of greatest abundance would be greater than the: 
table shows. Probably 600,000 would not be too high as 
the maximum for the total number in a cubic meter. The 
numbers are given as thousands per cubic meter. All, except 
D. pulicaria are from the upper, or 0-3 meter level. 
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Table V. 

Diaptomus. Cyclops. D. hyalina. 
June 17, 1894 ............. 88 | October 8, 1894......... BG | July 2418954 cai eseess 108 
Met 189 occ cese es cc S840 May 18. 1895. ad eweceae es 180 | Aug. 21,1895 ........ eeeanl OZ; 
September 16, 1895........ 98 | May 8, 1896............. 290 | June 29, 1896 ............ 145 
June 5, 1896 ........0. 0085 Oe earcterce Rta ctw rnitcerae in oa ceters fia Siam eee eat aGe 170 
June 10, 1896 ............. TT ea Se tee Oe SEC CIO SC Re Sc eMGEer Oct; 26V 1896. cen ee 122 

D. pulicaria. Chydorus. . Total crustacea. 
Aug. 22, 1895..41, 9-12 meters} Sept. 22, 1894............ Ge | May 9 7 LS9Gi sea stints ace 347 
Sept. 22, 1895..41, 15-18 meters| July 12, 1895............. 45 | May 18, 1896 ............ 392 
Dec. 23. 1895. .78, O- 3 meters} June 22, 1896............. 96 | June 19, 1896............ 415 
May 18, 1896..78, O- 3 meters] July 7, 1896............. 131° | June 22; 18962... -5. <2 337 
PMN eer tects ieiecfaverai stella eo clea ads Ae Gs TSO ety occ Sly 71896). s os epee ns. 426 


It thus appears that where most thickly massed, the crustacea 
number nearly one to 2 ccm. of water. 


Diaptomus Oregonensis Lill}. 


Figure 14. Table D, Appendix. 


The numbers of Diaptomus have varied from season to season 
less than those of any other species of the limnetic crustacea 
and they are also the least variable in daily numbers. Possibly 
the greatly developed locomotor organs of the animal aid in 
securing uniformity of distribution and also enable it to obtain 
so much food in times of scarcity, that its numbers remain con- 
stant when others decline. 

Diaptomus does not reproduce during the winter and its num- 
bers show little variation during that time, as the following 
table will show. 
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TaBLE VI.— Diaptomus. Average number expressed in thousands per 
square meter of surface. 


1894-5.|1895-6.| 1896. 


eernbe AG) see tc, Lathe eo. ee tee eee 67.6 | 148.4 52.8 
CVT ODEO hts, ois Sin apotenl aioe iors angele ate levers fesoeate iebete eteuatey ayo 38.3 19.7 48.8 
IN OUR T SED 9 ors ateafertie saila as, Heseis aca wrehe AN emate ete Pelee eegarstel 44.0 55.8 * 29:8 
INOVEMUDER AG TSO seks vinta oiaraisl sates: at Mermieate ee lcle an tie Se eile ea oti Braet atte ae 46.0 28.5 
eecomiber AUN es abc se wowiicasinnnrs aera One etetee Wpaie Banloloiog Meake 23.9 33.6 29.3 
“December [Gi <2). Cwsiseasss oa sma mescte etnies Hoe ate bask se celeok Ah LOa® 58.0 24.7 
pa PU IAUE UN PN Ni fot be seca savas abeseransiWe stabsvctal eh eraie Aon eau es sce wish ete cals late’ 17.5 48.6. ha cies atete 
Perper g s a aiocy Lore oom Re eet ne aici a et ad Sein std (15.9) 28:3. eee 
1 EY) OF a 0171 shah EN (Grd a a gure, oe ne eee we (44.5) 38.97 al iia eae 
BE elerit any Nr eas eo eicnimmnloeoteeeateiet oie ees, oa arcs areas 28.0 350) 7} cael eu 
Ere AWE ais ene cic moms Some ETS canbe itiounnte a eitield oro are 22 are 28.3 

March 16-31 93. ic. oa. | 34.7 BS. lsat. oe eres 
PAPEL SL Oiy bias eee ep aie Nextel te tcttan ae Mee rote ncniba Fate emus Ntkc 14.0 35:2 Ltekasees 
c/s OF o/b Le) | ae Ns pretation 20 6 29.9" |e claeeemee 
BBall erties eye yey ctl sHaRe cites tne dee wae Mi eee « 34.4 10223): |e sete 
BE ge Lis ka eee htets Pee Ae oe oe Ran ea tha cin ce Sere Sa eNie kc as ae ee 207.9 300:2) ts sneer 


- =———- —— 


Numbers enclosed in a parenthesis rest on observations made on a single day during 
the half-month. 


These figures show that Diaptomus begins to decline toward 
its winter condition early in the autumn. There is no marked 
reproductive period in the fall which supplies the individuals 
which are to live over winter, but the numbers steadily and 
rather rapidly decline after the time when the lake has decid- 
edly cooled from its summer temperature. The table also shows 
that the mortality must be very small in winter. In spite of 
the fact that there is no reproduction, the numbers show very. 
little decline after the winter conditions are fairly established, 
‘and only a slow decrease in the late autumn. Indeed from the 
middle of October until the first or middle of May, the semi- 
‘monthly averages show no more variation than might easily 
appear in two catches made on the same day at the same place. 
This persistence of the numbers of the species must be attributed 
to the absence of competition and of enemies during this season. 
‘The food supply is ample for the winter stock of crustacea and 
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Fic. 14.—Diaptomus. Annual distribution, 1894, 1895, 1896. Scale, 1 vertical space = 50,000 crustacea per sq.m. See p. 319. 
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the reproduction of the crustacea in winter is slower than that 
of the algae. It is not impossible that the slight decline in 
numbers noticeable in 1895-6 may be attributable to the multi- 
plication of Cyclops in that winter. The decline in Diaptomus 
is too small to allow of certainty in the inference, but the adult 
Cyclops fell off rapidly in March of that year as they did not in 
the preceding winter when little reproduction took place. Food 
also became much more scanty in the spring of 1896 than in the 
preceding year. The amount of food material in the spring of 
1895 was estimated as at least four times as great relatively to 
the number of crustacea present. 

The chief enemies of the crustacea are the larvae of insects and 
the young fish, both of which are absent or few during the winter. 
Leptodora also, though living chiefly on Cyclops and Daphnia, 
must devour some Diaptomi during the summer; while it is 
wholly absent in winter. At this season the perch, which also 
feed on the small crustacea, are at the bottom and apparently 
do not feed at all. There seem therefore to be no enemies of 
the crustacea during the winter and their numbers are corres- 
pondingly constant. 

Throughout this season also Diaptomus is fat— fatter than in 
summer, as the drain on tissue for reproduction is absent. 

In April after the ice breaks up the crustacea are wont to de- 
cline in numbers. This is especially true for those species whose 
reproductive period comes somewhat late in the spring, and in 
which only the incividuals which have lived all winter are pres- 
ent in the spring. These find the conditions of the open water 
of the early spring harder than those under the ice, especially 
as they are exposed to the competition of the increasing swarms 
of Cyclops and sometimes of D. pulicaria. The smallest catches 
of Diaptomus which are met during the year, are obtained in 
the latter part of April when the number of Cyclops has risen 
greatly —more rapidly than the food has increased. 

In May there comes a great increase in the number of Diapto- 
mus. -It shows itself first by the presence of a great number of 
immature animals in the upper strata of the water. In both 
years the appearance of these new members of the species was 
very sudden, as will be seen from the following table. 

21 
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TaBLE VII.— Showing the actual number of Diaptomus caught during 


May. 
1895. 1896. 

Rie te Sone hhc vacmeeceueinasly eee 270 MW Des wctiecnkconescea'e bic sis os 730 
Miss ek Le Chak geen aieiiencemomeee 410 Mary Aorosh vor kabes anes eee 660 
pe PES es ay rt eee TIO Mag i6.s 0.6). coins sce kk 980 
Marr AG cdi ton cntnlous ke sae eaieinmione 780 MSY Bion Gis avibe Deine cowie eel 600 
1.1 EE fa | a SE a ar EN 2, 200 INE ay ie eile: cid ws wl bere ce cle 560 
Py OO ee uaeine cet sro cialbwie lat nines 1, 650 May D9 oe ones .0k dou ite see 1,945 
WGA OS cit adi batSichaiw enlave idlarch potato STAR 3, 820 May TG e ect peek <nice Geek ee 6, 110 

May 08.0:. scc.:c0n0d eee 10, 250 

May 20. cians seu woes ose eee 3, 690 


It will be seen that these catches divide very sharply into two 
sets, the division coming between the 16th and 18th of May in 
1895 and between the 9th and 11th in 1896. Catches earlier 
than those given in the table show the same general character 
as those given, as also do those taken later. There is no earlier 
catch which is larger than 1000, nor one later in May smaller 
than 2,000 in 1895 or 3,500 in 1896. 

There is no reason to think that the increase of numbers is 
due to small, local aggregations of the species. The increase 
persists without intermission for long periods of time during 
all conditions of wind and weather. This alone shows that the 
large numbers must occur over great areas of the lake. On 
May 15, 1896, observations were made at different points, and 
the numbers were found practically constant at a distance of 
2.5 kilometers in various directions from the regular place of 
collecting. 

It will be seen that the spring increase came just a week 
earlier in 1896 than in 1895—on May 11th and May 18th, re- 
spectively. This acceleration of development, which was shared 
by all of the crustacea, was chiefly due to the higher tempera- 
ture of the water in the latter year. 

In 1895 the ice went out on April 8th, in 1896 on April 2d. 
In each year cold and rainy weather followed the departure of the 
ice and at the middle of the month the temperature of the water 
was almost the same in both years. 
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April 15. 1895. 1896. 
I FSI II 
RACE ra ana dtclsem atccas orn voiva oedae use ma sic oh\s\aln'socaar) ed) oes cose 4.5° 4.0° 
MN ASERM sae ISS SS eae ceats ia achdi dvips! ike’ o Meier ie Pielaies iN oe! v0 SiSleidlevarauid sain 4.2 3.9 


Later the temperature showed a nearly parallel rise at the 
surface, but a marked acceleration at greater depths for 1896, 
the following table shows: 


SURFACE. Bottom. 


1895. 1896. 1895. 1896. 


ee een 


EEA ee hate eicinie a) siey='viss 's mjnrai (ein nol nibiey iprei aim Saie!m B'ejare 6.0° 7.2° 5.0° 6.1° 
PMN EE Ae nas sii digo alsise tonalite te Uaicies< 6500. nate 8.0 8.0 5.8 7.4 
April 30 11.5 9.6 6.9 8.5 
URI ian ee vive is ussiaraee aa facts cscec obese 10.8 16.4 6.3 9.9 
ROR eee caie pote aa ncaa a ela ce alaamelncies 15.5 15.2 11.2 13.4 


It thus appears that the average temperature of the water was 
decidedly higher in 1896 than in 1895, and to this fact I attri- 
bute the earlier appearance of the spring swarms of crustacea. 
There was nothing apparent in the increase of the algae to 
make any difference. 

When the young Diaptomus appear the number rapidly rises toa 
maximum which is maintained for some weeks, as the table shows: 


TABLE VIII.—Average number of Diaptomus during late spring and sum- 
mer stated in thousands per square meter of surface. 


a el 


1894. 1895. 1896. 


RESUS ee ye ee sok oe kn dla ceeis bas seine semalemierine maleimide caveia'linleeibnina oe 34.4 102.3 
MR ee orci e Suiclts ie: siele divas siclen/die ce aietascpedeiaeme diastase ouladaslinewarceesien| 2009 360.2 


MAS Aes EMRE cave wine eis dioeicaloh wn oan ba muince castes teiecw ete sees 285.0 343.5 
OT Se UE Ee A eee Re Pe ae Sas ke Reg eer ee 190.6 386.2 
SCEMRIV ES Meee ene SMe anne i a dicte spina ee cule kia eamioems wer ue nee, one's 242.2 187.4 202.9 
CeUER Re Ree ieee ene ee ea on ha Ss sininlare del emipioimplalahaieed wales 298.9 217.8 152.1 
PMMMSRIR ERE So ict Atha iL ia sre la Lisabis oe Soin a Gaisty abies ese asec’ 273.3 110.5 91.9 


PEREGO MC sat aiaivle nna meal ration tu se antwinewineep iain dace 6 ak 87.4 101.3 167.0 


It will be seen that the numbers found in all three years are 
closely parallel. Indeed the July averages for the three years 
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differ no more widely than catches might differ though made on 
the same day and close together. 

In each of the two years where the conditions of the preced- 
ing winter were known, the summer maximum was close to ten 
times the winter average. In all three years there was a 
marked decline of numbers to a late summer minimum in Au- 
gust; at which time the average number is 4 to 4 of the max- 
imum. In 1895 there was a very marked drop in numbers 
about the first of July; while in 1896 the maximum number was 
maintained throughout June and early July and then there was 
a steady decline fora month or more. In 1894 observations began 
on the first of July. Diaptomus was practically stationary during 
the month and rapidly declined after the early part of August. 

These variations in number in different years are at present 
without complete.explanation. Yet the most singular fact — the 
notable drop in numbers about July first, 1895—-certainly extended 
to the species all over the lake. Observations were made between 
the first and tenth of July in that year even in the remoter 
parts of the lake, and with substantially uniform results. What- 
ever the cause it was probably the same as produced a similar 
fall in the numbers of Daphnia hyalina at the same time. 

The autumnal condition of Diaptomus varies with the temper- 
ature of the early fall. In 1894 and 1896 there was substan- 


tially no recovery from the August minimum, 1896, indeed, 


showed minor variations of number but on the whole the num- 
ber did not increase. In 1895 on the other hand there was a 
very marked rise of numbers in September, culminating in the 
third week of that month. We shall hardly be wrong in at- 
tributing this additional brood of Diaptomus in 1895 to the 
higher temperature of the water in that year. There was very 
little decline of temperature until the very last days of the 
month as the following observations will show: 


Sept. 2, | Sept. 26, Sept. 30 
1895. a. m. 6a. m. a m.. 
OMMECOIS Fee re Be race ic deh Oc NL Retry at nee eh 21.9° 20.0° 16.3° 
ITT GGT ieee eS oases eee aaa oc oS VO A tel ey ciatetaatiatelee te naan 20.9 20.0 16.5 


SHIT LOTS sete ees ec UNG Hea tat ORE Oe nee 13.9 17.7 16.5 
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Thus the decline of temperature for the month occurred in the 
last three days. In 1896 the temperatures at the opening and 
close of the month were much the same as in the preceding year, 
but the decline was pretty equably distributed. 


Sept 1, Sept. 17, | Sept. 28, 
1896. 9:30 a. m. 4p. m. Noon. 
RTE SEES ed eco oe enh Slope ra es haala tars rane enavolave ouster dtedelos Bla? 18.4° 16.0° 
1@meters...........: po hue kis, Rie ge et at soe tee 20.2 18.2 15.75 
TESS TEED SE SNA TORTER ICT Ue De Fa Sad he SO 15.3 16.1 15.6 


It therefore appears that the long continued warmth of 1895 
gave Diapitomus a chance for an additional brood which did not 
appear in 1894 or 1896. Food, of course, is always present in 
superabundance during September. 


Taste [X.—Diaptomus. The autumnal numbers stated in thousands 
per square meter of surface. 


1894. 1895. 1896. 
Pee A ys en cn aliases Satine es ast caaie talohs a aenjaleleaeriamuciames 224.6 125.9 
SEE CALS Tee 0231 ON ED Re Sr Oi Ale be a 54.6 331.5 163.4 
MEN Mm oie Ss hes sini tieie eine oie. yn. d a oad Slee e le a telnlen 67.5 148.4 52.8 
AIRE Were egies sc Piahtaiy 2s iaieia ne ale aisle we ehesiam eden sins 6 «ia 38.3 79.7 48.8 
Te RRCHATO PN. 13 a cia tic oc nie Hen ah a cia ciain wees tniane cutee al'n0l6 & 44.0 55.8 29.8 
BORING NG G80 irs boca eis eins a cha wpa witha sahalartonr viernes wre wiel etaje a m bio ail! ote: svabiais tac salads 46.0 28.5 
MFSIEINS OE SPO) ain ocieote oialale sles s oti eciala Galea cman 6 wea 23.9 33.6 29.3 
LD ererey cal oysh 2) Lopes Me RSID ae ae a eee ee Ne si 8D OE aay (16.7) 58.0 24.7 


The winter numbers are seen to be reached early in the season 
— at latest in the first part of November. The winter numbers 
are also seen to be not very different in the three years in ques- 
tion and are strikingly independent of the condition earlier in 
the season, The number in September, 1895, was nearly six 
times as great as in the preceding year, while in December the 
difference was less than 50 per cent. in favor of 1895. 

The maximum catches of Diaptomus were 460,000 June 12, 
1895; 651,000 May 18; and 741,000 June 10, 1896. The females 
carry 20-30 eggs in a single sac, during the spring. In sum- 
mer the number declines to 9-15. 
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Apstein (’96, p. 179), finds that D. graciloides has its 
maximum in lake Ploen in winter and in the Dobersdorfer 
See in summer. Its relations in the latter lake agree very 
well with those of the same genus in lake Mendota. He con- 
cludes from the striking difference in the two lakes that tem- 
perature has no effect on the species. Marsh, who finds that 
D. minutus has its maximum in Green lake in September and 
October (’97, p. 192), also thinks that temperature affects the 
genus very little. Iam unable to agree with this conclusion, 
so far as the form studied by me is concerned. It is the first 
of the perennial crustacea to slacken its reproductive activity 
in the autumn, and this occurs when food is atits maximum. I 
can attribute this check only to the fall in temperature. Indeed, 
my observations show that the reproductive activity of D. Oregon- 
ensis is more promptly checked by the decline of temperature 
than is that of any other of the perennial species. 


Cyclops. 
Figures 15, 21. —Table E, Appendix. 


There are two species of Cyclops which are at times conspicu- 
ous in the plankton of lake Mendota, C. brevispinosus Herrick 
and (C. Leuckartii Sars. C. pulchellus Koch was rarely seen. 
C. brevispinosus is by far the more numerous and is practically 
the only species except in summer. From October to May only 
Scattered individuals of any other species are met, but during 
summer brevispinosus declines and Leuckartit may be as numer- 
ous as it or even more so. The numerical relation has not been 
determined because of the great labor involved in discriminating 
the species, especially in the immature examples which always 
constitute by far the greater part of the catch. 

Cyclops brevispinosus is the most abundant species of limnetic 
crustacea at almost all times, and at its maximum is far more 
numerous than any other species ever becomes. It is the only 
abundant Copepod which reproduces under the ice; Daphnia 
pulicaria among the Cladocera has the same habit. 

The winter numbers are as follows, stated in thousands per 
square meter of surface: 
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TABLE X.—Winter number of Cyclops, stated in thousands per sq. m. 


1894-95. | 1895-96. 1896. 


EMMSTR OE ROE 5215’ (o 5 ciais s/s cidigitia ain sos cielo awiameninesieine. ce satis 246.4 144.7 267.7 
UE RASARUAT EN EES OO iain 2ls,cctal ove cidintoicleceiay'aciein: vies widleiareres wee aie factalaiele ex's da,s 135.4 173.9 
December 1-15.......... Pia detosayetats alas harare eV aioe tates la ois 75.0 90.2 115.5 
MPR RSMUI EERE ila ialgicial staistutisis cis) aikisieivle dle Siew wiiarciee'ay see (44.5) 89.1 93.1 
January 1-15........ Bereferatcfel eran steht a) xx xPeje) slat -Mnvie sms wan 2 21.5. i AG GO a al 
“SECRET NA Se ir Ag a er ae (40.0) TONS ey Waa os Secon 
TD’ BL SPE SD y ERG a 12 UME ET ARE a ete che Re Ee (80.8) QU Bi i OE Tae 
PELESTALAD TAY moO pool are StL fare feicr is siecetohisiele Salve bi sialmuvela Siess\c-ais, s sale 73.1 SALOR iis Seen eers 
MSR AMN Myler Ue Sccie) slcha’vtaicrw at ecole, alse vlgias ole eine eiaislelaa'e vee Dasdut yi Reicberart e avalrara [ting aaa Matas 
old. yg. 
PR RRPRIAN ES SM arate ois aiainnia wae galas inipre sisters) aaverse aia 'ersie.e6 66.2 Bho TORS pe. sclseunoese 
REMORSE MD ge 5 nis aia sisi ateic sinial wile Sije'wiuls Miers chmardiesieidielCeww.g ae’ s 53.9 AO TE Asia sie ate aie 
MOON SNe eye ea deities a. a diel a ae sishere aia) oft etn a acts sia vas 242.5 JOT 2h ea, wiacietewee 


It will be seen that the winter numbers are more variable 
during the season than are those of Diaptomus. This results 
from two causes; first, the fact that reproduction continues 
longer in the autumn than in Diaptomus and therefore the spe- 
cies reaches its winter minimum at a later date; second, re- 
production may begin again during the winter and cause a con- 
siderable increase before the opening of the lake in the spring. 
A third fact ought to be added. During the winter there are 
often caught large numbers of Cyclops in the deeper water, 
where there are plainly aggregations of the species. Such 
catches of course raise the average for the two-week period in 
which they happen to come. 

The spring rise comes on immediately after the opening of 
the lake or, as already said, begins while the lake is still covered 
with ice. The increase is rapid but by no means so sudden as 
is the case in Diapitomus. This may be seen from the following 
table of catches, in which by no means all the observations of 
the periods are given. 
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TaBLE XI.— Cyclops. Average number per square meter, stated in 
thousands per sq. m. of surface. 


1895. 1896. 

POE Tie eSemyeee ais Un eee aeons 43.8 Aprils ec Gates: bec e 2 Oe cee 297.0 
PASPETEI NS ocee  e ea mee! Ge ete bisie 90.3 Apel Io Sian. 334s 358.7 
PATIL iret eere re reicieeteinied aretsiceineacnicts 112.8 April 14 863.2 
Tay YRS RB DA pee SIR WE eke 575.8 || April 20 770.8 
13% AS a RV Ric SIS ER a Ue eae me 979.8 April 30 984.5 
May al 2st ret on ek peice eal 763.2 May aie jo idciuc sete ee eee 1,710 2 
Mayet Garo noe ett ce ee eas 1,234.2 May Oe ccs. edo ee eee 2,359.5 
MOD Elie awe ceckinioeim aercluw en 1,030.4 May 18). -.\.scvnsa2 henna 1,294.9 
SUIS G8 Bide nn ean ce cect ne 52 636.0 May 26 386 6 
“i fue dt 2) Seige tes ak tn ay aad ee a a Booed tO tamMe Di oss wie oe 176.1 

PUNE Gy os. se scale Se ee 168.5 


SUN UD Lo So edo ae eee 139.2 


In each column the numbers begin with the first catch after 
the disappearance of the ice. It will be seen that on April 12, 
1895, there was no evidence of increase over the winter average 
and that none of the catches prior to that of April 30, are de- 
cidedly larger than those of the winter. In 1896, on the con- 
trary the open season begins with numbers far larger than those 
of the winter and there is a steady and rapid increase from the 
very first. 


TaBLE XII.— Cyclops. Average for the spring and early summer stated in 
thousands per square meter of surface. 


1895. 1896. 
"ASSO FE SRR RN er CER BEN RAU NIUE Sas toyed OI SIU TIEN Ace 53.9 400.7 
INDE ERE COR et em I eat ENR GDR WIN Day OTN g 212..5 1,011.2 
115 (FASB ES IG AIR Sa is ea Mee ih CoRR meen ge pT ON LOI Seen eS UR RS gL oun lo ene He 864.9 1,858.4 
‘May 16-31:......-:2.. sisted me edgy, ani Lua aap chalga 944.4 705.9 
Boag BSE pie lk i timnaess f AM Ac hgh a WA on Neal cea ore a 616.6 189.5 
RITUAO LG er SSS Seine oes ators eed oor Matera a Wiath cial See SNES Ce > SEES 262.6 358.7 


The maximum came earlier in 1896 than in 1895. The great- 
est number were caught from May 18th to 30th in 1895, and from 
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Fic. 15.—Cyclops. Annual distribution. 
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May 2d to 9th in 1896. The entire month may be included in 
the maximum in 1895, as all the catches made between May 3d 
and June 6th, 26 in number, were between 636,000 and 1,234,000 
per sq. m. In 1896 the limits of the maximum period may be 
set at April 14th and May 20th, during which time the numbers 
ranged from 763,000 to 2,359,000 per sq. m. The observations 
were 20in number. The maximum catch recorded was nearly one- 
third larger than any other, although there were 7 catches 
made, ranging from 1,300,000 to 1,700,000 per sq. m. 

From these figures and from the averages, it is plain that the 
numbers were far greater in 1896 than in the former year. I 
attribute the difference to the earlier start which the species 
had in 1896. In that year reproduction began under the ice so 
that the numbers at the opening of the season were three or 
more times as great as in 1895. While the lake warmed some- 
what more rapidly in 1896, the difference was chiefly marked by 
the higher temperature of the lower water, which would aid the 
development of the species during the first part of April. 

The decline of Cyclops is seen from Table XI and diagram 15, to 
be as steady and rapid as its rise. In 1896 the numbers in the 
first half of June were smaller than in the latter part of March. 
In less than two weeks after the maximum the number had fallen 
to less than one-sixth of the maximum and a week later it was 
less than one-half of the smaller sum. 

This decline is doubtless due to the scarcity of food, to the 
increasing temperature of the water and, to increasing competi- 
tion. At no time during the spring rise are as many as five per 
cent. of the species provided with egg-sacs and almost none of 
the animals in the lower strata of the water become sexually 
mature. This fact indicates that the lake becomes so crowded 
with the early swarms of the species that the food is insufficient 
to allow their development to maturity. Not only so, but those 
individuals which are compelled to migrate into the deeper 
water find there little food and must perish in a short time. 
At the height of the Cyclops period there is very little alga 
visible in the catch. 

The influence of temperature is shown by the fact that the 
maximum is reached when the temperature of the lake is about 
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15° and that no considerable rise comes later in the season until 
the lake has fallen to about the same temperature in the fall. 
Development, begun actively while the water is little above 
zero, is gradually checked as the water warms during the spring, 
yet the nauplii may be very abundant in summer, 

A reaction follows the early summer minimum and there is a 
moderate increase in the numbers of Cyclops. This is due 
chiefly, if not wholly, to the introduction of C. Leuckartii. This 
species is very rare during the cooler parts of the year, though 
always seen occasionally, and at all times capable of reproduc- 
tion. In the summer, however, it develops more rapidly and 
numbers of the species may considerably exceed those of C. bre- 
vispinosus, This was not true in 1894, especially in July. At 
that time the number of Cyclops was very low, lower indeed 
than in the winter following. The rise in August of that year 
was largely although not wholly due to C. Leuckartii, and was 
apparently maintained into September when brevispinosus again 
became abundant. In both the other years Lewckartii declined 
in August and brevispinosus did not increase so that there was 
visible a late summer minimum duriug the whole or part of 
that month. The small numbers of 1894 are probably due to 
the excessive development of Lyngbya in the early part of that 
summer, as is stated more fully on page 353. 


TaBLE XIII.—Cyclops. Average numbers for the iast half of the years. 


1894. 1895. 1896. 
US AN a aia aie a oieiaisi ats iad a eereie as, cbernie-nia minis bine pate w Stein a 39.8 323.6 371.0 
PUL MG OE as ciicetuu maltese leinineas /sisnafnbareuianc phar ai abinraien 151.0 131.4 317.5 
PRA URS GEE Yt fale ajo siataler/oin aie joi notin in ton w ellacelo prleia visi wlohe aimtel 161.0 107.6 326.8 
PUTS LG ten esc tafelne hie nine eis e's wcce's\ eetbya\jeisiele) soins eines 200.3 129.6 209.0 
SEDLSMU Sr MUS ee seis hee a oie ove ete airs ie ale eveiocha al aats tie eve craiterane te liwweborenaintsleeute/s 142.0 157.1 
SOPCAMMGE IG OO coe We sae nwinie nescle wsemrsherclal lew atdleenens's 190.1 226.0 228.6 
OCtOber MNS ei bite ttn rigs nsisiapecisieiana o Ketah em wintereeente ake 347.1 327.5 364.8 
Weta ber 19-siie hci ein ayo eee siento ceases ap ales omen 261.3 219.7 469.5 
INGVEREDOR Da15 6 i.)5 iisicie sctelepaciae Sielalviala's «mai duvaieraiela wlorian ee 246.4 144.7 267.7 
INGWOMDEL 16-BO io sadn eisai Gaeirs biel dats Heian wialote ok niolhin!|ferateleramneleereae 135.4 173.9 
Dig Gemtpa rl ec aaa ct cust teidle/'ciaciaiamiars ats mypetsle deat pitearals 75.0 90.2 115.5 


December: WT oi. esis ele oles elena keyg aaele’s/moiniulersieta (44.5) | 89.1 93.1 
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The foregoing table gives the average numbers of summer and 
autumn for the three years, stated in thousands per square me- 
‘ter of surface. . 

The table shows an autumnal maximum in October, followed 
iby a steady decline and a slow one as compared with that 
‘which follows the spring maximum. The fall increase is due 
wholly to C. brevispinosus and the maximum comes when the 
lake is ator below15°C. The decline is occasioned partly by the 
gales of autumn causing the death of adults, and chiefly by the 
increasing slowness of development of the nauplii as the tem- 
‘perature of the water falls. The eggs are still produced and 
the nauplii hatched, but the young Cyclops are slower in com- 
‘ing forward and the deaths exceed the production of young. 
Food is present in excess of the demands of the crustacea and 
so forms no factor in the decline. 

By the middle of December if not earlier the winter condi- 
tions are fairly established although the number of the species 
‘may continue slowly to decline until February. 

A comparison of the charts showing the curve for Cyclops 
and that for the total crustacea brings out the fact that Cyclops 
is the dominant factor in determining the number of crustacea. 
All the peculiarities of the general curves are repeated in those 
for the genus. Cyclops is absolutely the most numerous species 
except in the summer, when it is sometimes surpassed by Diap- 
tomus and Chydorus and less often by Daphnia hyalina. Two 
causes contribute to this relative disadvantage of Cyclops 
in summer. First, the species is unfavorably affected by the 
warmth of the water; second, it is unable to retire into the 
cooler and deeper water as it might do in lakes which are habit- 
able below the thermocline. In such lakes it may well 
be found that Cyclops leads the number of crustacea through- 
out the year. A few observations indicate this to be true for 
Pine lake, but the facts are not well known as yet. 

Zacharias (’96, p. 54) finds onlya fall maximum for C. oitho- 
noides in lake Ploen. There is a trace of a spring maximum but 
very feebly marked. Apstein ('96, p. 178), finds maxima in the Do- 
bersdorfer See in May, September, or July and thinks that the 
maxima may come at any time in summer. He finds on this 
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species 5-6 or at most 9 eggs and considers the small number 
an adaptation to limnetic life. CC. brevispinosus often carries 
18 eggs in each sac without difficulty. He finds no eggs from 
October to February, while I find egg bearing females at all sea- 


sons. Marsh (’97, p. 205), gives the maximum for C. fluviatilis in — 


Green lake in the autumn and gives no spring maximum. I 
think that the difference in our observatious is a characteristic 
of the species rather than of the lakes examined. 


Epischura lacustris Forbes. 


This species found only occasionally in my collections. It is so: 
large in the adult condition as to be readily distinguishable by 
the unaided eye and was counted in this way along with Lepto- 
dora. Young, if present, were doubtless counted as Diaptomus. 
No observations were made on this species in 1894. In 1895 it 
appeared on June 20th, two specimens being seen. It was not 
seen again until July, in which month it was found in 6 out of 
18 observations, the number not exceeding 2 individuals in any 
one catch. In August they were seen 6 times out of 13 obser- 
vations, the maximum being 4, and the total number being seen 
during the month being 12. In September the number was 
about the same, but in October the number was greater, aver- 
aging 6 in each of the 5 cases where they were seen, with a 
maximum of 9. In November they were present in every ob- 
servation, 7 in number, up to the 20th, with an average of 6.5, 
and a maximum of 19. The species thus showed a decided ten- 
dency to a maximum in late autumn. In 1897 the species ap- 
peared on May 17th and in the latter part of that month aver- 
aged 4 in each catch. In the first half of June the average was 
3, and maximum 7; in the last half the average was 4, and the 
maximum 7. In July the average was 2, and the maximum 7, 
Only a very few scattered individuals were seen in August, and 
none were found later. 

It is evident that the records of the two years are not at all 
similar, and that the numbers of the species which were found 
are too small for profitable discussion. 
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Ergasilus depressus Sars. 


This animal is about the same size as Cyclops, although 
readily distinguishable both by color andform. I am not sure of 
the correctness of the specific identitication, although I can see no 
differences between my specimens and Sars’ description. It is 
present at all seasons of the year, ordinarily in very small num- 
bers. More than one individual is rarely found when one-tenth 
to one-twentieth of the catch is counted. This number is so small 
and the resulting probable error in computing averages so great 
that it has not been thought profitable to state the numbers in 
terms of a square meter of surface, and to include them in the 
total number of limnetic crustacea. 

Ergasilus is present throughout the year, although it may 
often be missed for long periods from the collections. It was 
first noticed in July, 1895, although doubtless present before, 
and from 1 to ¥Y specimens were seen in each collection. The 
number increased during the latter part of August and in Sep- 
tember, when from 10 to 13 specimens were found, indicating 
nearly 10,000 per sq. m. In the latter part of September the 
numbers rose to a maximum of 27-30 specimens, or nearly 27, 000 
‘per sq.m. In October only 1 to 5 were present, and the species 
was found occasionally during the winter and spring in single 
specimens. In July and August, 1896, it became more plentiful ; 
about as is 1895. But no such large number was found in Sep- 
tember as in the former year. The animal seems to prefer the 
stratum of water just above the thermocline, but is not confined 
‘to this layer. 


Copepod Larvae — Nauplii. 


The dredge with which my study was carried on until the . 
middle of July, 1896, was provided with a bucket whose open- 
‘ings were closed by a wire mesh of 1-100 in. This, while re- 
‘taining the crustacea and a great part of the nauplii, did not 
retain all of the latter, so that no study was given to these 
larval forms until work began with the silk net. The following 
table shows the average number of larvae from the middle of 
July to the end of December, and also the numbers found in 


334 Birge—The Crustacea of the Plankton. 


single observations made since that date. 


In all cases the larvae: 


of all species of Copepoda were counted together; it being 
practically impossible to assign them to their proper forms. 
Unquestionably, however, the great majority of these animals: 


belonged to Cyclops brevispinosus. 


All larvae beyond the nau- 


plius stage were assigned to and counted with their proper 


genera. 


TABLE XIV.-— Naupliz. 


1896. 

PUY AG-SE ie sed de sane ie sinskiniee ee ae 1113.8 || October 16-31..............000- 712.5. 
A BRSG EAI 2505 Seiko ea cn buinp taeie Colon 529.7 November 1-15... 5.050) saceaeen 477.8. 
AnMeURGIG“O1i a cnsec tetas cheese eone|. ) MOGDCD November 16-30... ........ cece cece 350.8 - 
September 1-15... 2.2.2.2. 255.2005 310.9 || December 1-15............:.... 613.7 

September 16-30...................| 408.8 || December 16-31........... 606 .6- 
OetGber TBs. sis sinkncin sa deen se nt] 200.4 

Maximum, July 18, 2,037,920. 

1897. Nauplii. | Cyclops. Nauplii. | Cyclops. 
January 1 cess iocce ue 1,550 118 W'S oSg UD UY pieemeraal reyes 204 390» 
Sanwary gles 56) sere 1, 284 16 APTS Sean ieee ioe 418 619 
February 17......... “B13 CN Na) ee ea ele 357 1,121. 
March .6.5)scesc0x 722 98) ManyelO. cvcis ltsaresige 1,007 921 
MATCH 29 ce clears 714 87 MAY SDs crctauiyaesthinn 616 114 - 
Wom Berns oos oo: 7126 $54 i May 21. osc ces: 257 1, 767 
VX; o vig 0 Op © Cae ee oe 798 560 ARG OSs « Seinisreete « 2,470 1, 169 


Average numbers, expressed in thousands per 
square meter. 


It is difficult to correlate the numbers of the nauplii with. 


those of the older and adult crustacea. 


While Cyclops remained. 


numerous throughout the summer of 1896 there was no such rise 
of numbers in late July and August as would be expected from. 
the great number of larvae which were present in the latter part 
of July. The number of nauplii found in the early and middle- 
part of October is not as great as the increase in the number: 


of the crustacea would have led us to expect. 


It is evident, 


however, that the decrease of the Copepoda in the late fall and! 
during the winter is due rather to the failure of the nauplii to 
develop toward the adult form than to the absence of these: 


Nauplit— Daphnia hyalina. 8335: 


larvae, or to the failure of Cyclops to produce eggs. It will be 
seen that the nauplii were exceedingly numerous throughout: 
the winter and into the spring, and during the month of May a 
certain relation can be traced between the numbers of nauplii 
present and those of immature Cyclops —the nauplii decreasing 
in number as the Cyclops increase. It is evident further that 
the death rate of these larvae during the winter must be very 
low, or that the losses are balanced by the production of young 
which develop to this stage, without going further until the 
warming of the water in the spring. 

During the month from the middle of July to the middle of 
August numerous determinations were made, from which it 
appeared that the maximum and minimum numbers of the 
nauplii vary ia about the same ratio as do those of the adult 
crustacea. In July, out of six observations the maximum was 
3.8 times the minimum, and in August the maximum was 3.4 
times the minimum. The largest number observed was 2,040,000 
per sq. m. of surface on July 18th. A larger series of observa- 
tions would undoubtedly have shown, in the spring of 1897, 
numbers equal to this. 


Daphnia hyalina Leydig. 
Figure 16.—Table F, Appendix. 

The autumn numbers in both years show a decline to a minimum 
which extends throughout the winter and until the first or mid- 
dle of May. In 1895 this minimum was established in Novem- 
ber, but in 1894, not till late December or January. In 1895 
there was no marked reproductive period in the autumn. This 
was apparently due to the continuation of summer conditions 
until near October 1, and the sudden change at that time. 
The final reproductive period of this species lies at the end of 
October or early in November. After the close of this period, 
the old females rapidly decrease in number, and almost, or 
wholly, disappear before the first of January. The young grow 
somewhat rapidly until they have reached about half the mature 
size, and after that, grow very little or none at all until the fol- 
lowing spring. Reproduction is practically wholly absent during 
the winter, although it occasionally happens that a single female 
can be found in March, having eggs in the brood-case. 
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The following table gives the average number of D. hyalina 


from fall to spring. 


TABLE XV.—D. hyalina. Averages from October to June expressed in 
thousands per square meter. 


1894. 1895. 1896. 
Mefolbor qe qSle oie woe ils a acetal tet estes ciate Siete ere arate: 22.0 16.6 511.5 
November t0i 08 00 Jc) aiuy item eine ROE ig CE 5 56 2 314.6 
Meavemibor torso 01S NP BRR SLO CaS 268.0 
Decomber tata sao ee teva pleas Ge eehten s Ceteeaee erence a ee 121.5 35.0 182.8 
Meaconiber 463i tel kak ss ees aI oo (49.0) 44.6 138.9 
Seen rieiiey Atos oak res 0 cin Bhs ste PERS setae But dace 2 40.8 36.2 21 eee 
Reapha ce gle abe ida ic iksd sen! eelekg unas OaeRN RRR Beh cardinal e Lied: Wieck eae 
Mehiepears tse so le ee Ni ee Ae PA 6 ok ph 19.6), genes 
HbA ryAle=28e sic. ses cies arsine ts mais eRe Wokine ni seneuieke 65.8 270? cia etree 
py Serius) 110) 1G JA are ae eMMUEIG NM RIMS EAM ev, eae a A fem PEER Bciaiio nce anos04 
| LIEU cB (7 25 INORG EN Be cbene naM aRee o AA Ce pe 63.6 13.5 7 cee 
BARRED AP sce Nat ce ACs Lab a ate UR ON ey 26.4 14.6 eee 
Pen Race en Pe new Mic dae BEC nat, 16.3 15.2.9 Voi .ee eee 
I LENE CS (ae a RS 2 a i TR ch Pad ae Hage WI A a pea 28.9 W2£60) See 
‘NUGZIG SF) EAE SON Rohe AS a Laat UE ot Ri a Ly ae) 70.9)" PARR aaa 


Numbers enclosed in a parenthesis rest on observations made 
on a single day. 

The females which have lived over winter produce at least 
three broods of young, and die in June, chiefly in the early part 
of the month. Those individuals which have lived over winter 
are readily distinguished from those hatched in the spring by 
the smaller size and different shape of the head. It is easy, 
therefore, to determine the average length of their life at about 
six to eight months, from early October to early June, as a 
maximum. It is not possible to get similar data for the sum- 
mer form of this species, for the shape of the head-crest gradu- 
ally alters in all individuals as the water cools in the autumn. 

The swarms of young produced in October rapidly diminish 
in number at first, but an equilibrium is reached by the first of 
January, and thenceforward the decline through the winter is 
very slow, or imperceptible. The statements made regarding 
Diaptomus fully apply to this species also. During April and 
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and the early part of May, the species declines on the whole, 
and the smallest catches of the year have been made at this 
time. The rise in number in the spring comes on very rapidly. 
The species apparently reproduces first in the warmer and 
shoaler waters at the edge of the lake, and the individuals thus 
produced are distributed over the surface of the lake by favor- 
able winds. This supposition is necessary in order to account 
for the extraordinarily rapid increase in numbers which the spe- 
cies shows. The following table gives the actual number caught 
in 1895 and 1896 on the dates stated: 


TaBLE XVI.—D. hyalina. Actual number of specimens caught. 


1895. 1896. — 

DOPED er Neier dies aie sieisoees ocin ne die 144 fa} 0) ht Lye gL a AB a SLL IR RS Ne 380 
PEPITM OU eee laai me ecmecee ele Deb eies GS VOR V', & 0) dA fee Ae SEA eg eI Um Oe 120 
DE RDUR VR rays Sir ela ca ele ake Seis aive were niae ted 442 SMW ATION tate as oie or cleleeuvaae asalan a's 140 
eR OR eee) io Nate ola giaicis wiadeleicie: deere dt bly OOO NATE 7 ie A A eg ne A em 1,360 
May 16 5 NEA I US Ce NIC ee seme CO ATG) SEN! NG a LST a Og EA ce i ey 1,140 
PAMPER he rolaits a's. 0 topata'ajole 6'a"'s\sisjavp'e’n 4) sie:01s BONN: | MERU Blanca ole sicinaiisiaye Huis aielvielgivien as 6% 1, 600 
INR AEN ctacas coven ols cia oyewiee 1,210 DS EAP ASR eC DER OVE St ee ues ng 1, 620 
MER eater insane in cies) es erat | MOO MAES ieee tenn ase o'mcinles 5, 660 
ee Lis alo xl nim lalslalad nre'ss aorai|) \p sp Os 1, ti ELUILO. | ioictds sale vs hui bheis ie viaie tied wie wlesage 4, 900 

TEA NE a ne 5, 460 


It will be seen that the number of the species increased 
nearly tenfold in twodays, and that this sudden increase was 
held with fair uniformity, so that, while all the catches up to 
May 16, 1895, and April 30, 1896, were small, all those made 
after those dates were large. 

In 1895, the appearance of the eggs was carefully studied. 
On April 15th, when the surface temperature was 4.5° C., 
all of the specimens seemed to have freshly molted, and one con- 
tained eggs. Three days later more than a third of the speci- 
mens contained eggs, which were mostly young. On the 2dth 
all had eggs, many of which were half developed. On May 4th, 
young were found. On May 12th, a very few young were seen, 
including one male, but many had no doubt been hatched at this 
time, as on the 18th the numerous young were developing ovaries, 

22 
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and the head-crest was fairly well grown. On the 22d, a very few 
of the first generation born in the spring, had laid eggs. On 
May 12th males were first seen, but 175 females were counted with- 
out finding any males. On June 3d, it was noted that many of 


the individuals which had lived over winter were affected by a 


microsporidial disease, and the young in the brood sacs were 
attacked and killed by fungus. They were also attacked by 
bacterial diseases. At this time, or a little earlier, the old 
individuals were settling into the lower strata of the water, 
and on the 6th of June nearly all were gone. 

In 1896 the development of the species was in general parallel 
to that of 1895, but was some two weeks earlier, owing partly 
to the more rapid warming of the water and partly to the fact 
that the temperature of the water in winter was slightly higher, 
and the animals emerged from the winter life in a more ad- 
vanced condition of development. In each season the surface 
water had reached an average temperature of 15° C., when the 
marked rise in numbers occurred. 

The summer numbers of this species appear from the follow- 
ing table: 


TABLE XVII.—-D. hyalina— Average numbers, June—December, stated 
in thousands per square meter. 


1894. 1895. 1896. 
RWG mE oe cee eicias cin! cal siamjareseis s Saha siviow sano siewiscsiestale wales No 319.2 55.6 
PUNE LO~WUs ec belceies ices Catia tere mally cee ais mee sleeece wasele ect Obs. 135.6 211.1 
SPREE TEN ia Sal cis: Merdicisihiate me an nivel ain said Oo mie wide, glevola ein ole etoile 19.8 139.9 319.0 
RY AGE i Ais sin tec ha eoaaber map tebe enealnddecummeer nad 13.3 275.39 65.5 
ASG TSN is einer’ bac wick Soin Cnlecive hc axes nice 16.6 273.0 95.2 
AEDST IO-OL dsctisiecis ueprteoe ue mumsnet s seteaee Mest cioea 60.7 252.8 60.9 
POVUSHIVOE FB a 6 4 wise losin wie jue NG cle eagle clei aiemn os amiable No obs. 202.8 120.4 
SEP ESMAUMOT MGAO Is occ ate wiersla Sameaee abrpch oh eee a porneee 148.4 201.6 192.5 
OCT BOT C26 obs (ci erces whence wert a aibindita cincelne ca nema 207.6 180.5 228.0 
GETODEE IGE occ oat ca nclenincdedwan citer sae nmimeee 252.5 76.6 511.5 
ING VeMTDOR 25 30.66 cick cocaine midiemssn lant cleie em ieuneraemet aieels 183.1 56.2 314.6 
INGVOMDOE 16-30. pace nciesrsse wuelnes Aebive opcinilae aXainas cel ROOMS. 48.2 266.0 
DOCSMSE FI. (cca berpidie stele talsuicuevecaiomes bomeramee 121.5 30.0 182.8 — 


December 6s es eens aay oe alc seo eiamateatanei eee (49.0) 44.6 138.9 
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The table shows that the summer history of this spe 

cies was very different in the three years of my study. In 
July and August of 1894 the numbers were exceedingly smal’ 
smaller than in any of the three winters during which I have 
studied the species. In 1895 the numbers were large and re- 
mained large throughout the summer, gradually declining in 
September and October, and falling off rapidly in the latter 
part of October to the winter minimum without showing any 
marked reproductive period in late autumn. In 1894 and 1896 
the numbers, which were small and nearly equal in the latter 
part of August, rose steadily through September and October 
to a maximum in the latter part of October, and then fell off: 
rapidly to reach the winter minimum in December or January. 
In late October, 1896, there were present enormous broods of new 
hatched Daphnias, which raised the number for that period beyond 
‘the -records of any other. In 1896 the spring maximum was 
followed by a minimum about the middle of June, in which the 
numbers were scarcely one-quarter of the maximum. From this 
minimum there was a rapid recovery, which lasted for about a 
month and was followed by another marked depression. In 1895 
_ the spring maximum continued into J une, and the early summer 
minimum came about the first of July. Portions of this mini- 
mum are included for the averages of the latter part of June and 
the early part of July, so that the number at the minimum ap- 
pears greater in the tables and diagram than it actually was. 
As a matter of fact, there was very little difference in the num- 
ber present in 1895 and 1896. In 1895 the recovery of the 
species from the early minimum came on as in 1896, but there 
was no reaction from the increase, and the number remained 
substantially unchanged through the entire summer. 

No observations were made in the spring of 1894, but the proba- 
ble history of the species was similar to that in the other years. 
There was a spring maximum followed by a marked minimum 
from which there was no reaction. This failure of the species 
to develop a summer brood seems to have been due to the pres- 
ence of Lyngbya in the upper strata of the water. 

The largest catches of this species were 331,000 per sq. m., 
Oct. 17, 1894; 565,000 June 6, 1895, and 1,049,000 Oct. 26, 1896. 
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Males are found during and after the spring and fall reproduct- 
ive periods, although in very small numbers, never exceeding 4 per 
cent. of the number of females and rarely being as numerous as this. 
Ordinarily it is only possible to find one or two males by careful 
search through the entire collection. These males are somewhat 
more abundant after the fall reproductive period than earlier, 
and may be found as late as the middle of December or even the 
first of January. It seems, therefore, that originally this spe- 
cies had two main reproductive periods, in the fall and spring. 
Each of these was probably closed by the production of males 
and the development of ephippia. The sexual reproduction has, 
however, almost entirely disappeared, and the species has prac- 
tically passed into a acyclic condition. 

Apstein (’96, p. 167,) finds that Daphnia hyalina is present 
from September to July, with a maximum in winter. This his- 
tory is so wholly different from that of the species as found in 
lake Mendota that no profitable comparison can be made. 


Daphnia pulex var. pulicaria Forbes. 


Figure 17.—Table G, Appendix. 


The following table gives the average number of Daphnia 
pulicaria taken during the period of my investigation. From 
this and from the diagram it appears that the species was pres- 
ent in very small numbers during July and August, 1894; that 
it then entirely disappeared until the early part of July, 1895; 
it increased in numbers during the summer and autumn, in- 
creased greatly during December, and was present in consid- 
erable numbers during the winter. About the middle of April, 
1896, a period of rapid reproduction began, the species rising 
to a maximum in the latter part of May. At this time, and in 
the early part of June the males appeared and not infrequently 
numbered frum one-third to one-fourth of the total catch. The 
females developed ephippia and the sexual eggs were produced 
early in June. The species rapidly declined after this date, al- 
though present in somewhat larger numbers early in September. 
Scattering individuals only were found from the first of Octo- 
ber through the winter of 1896-97. The species entered upon 
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a new period of development in July, 1897. From this state- 
ment of fact it appears that Daphnia pulicaria, as found in 
lake Mendota, has a biennial period of development extending 
from July of one year to July of the next, followed by a year in 
which the species is either absent or its numbers are exceed- 
ingly small. The study made in July, 1894, seems to have 
taken the species at the very end of its developmental period 
after the production of the sexual eggs. One entire cycle was 
included from July, 1895, to July, 1896, and a second period 
when the numbers were extremely small, although never en- 
tirely absent, from July, 1896, to July, 1897. 


TasBLE XVIII.— D. pulicaria. Average number per sq. meter, expressed 
in thousands. 


1894. 1895. 1896. 
SNE RE TU Rech yee ioe tea sia oia cy oralio aratereicial calaiaie sie whee ciel slash cxeisievallleis'ers, siplareusile.s a 88.2 
PMAMMRE MERE a Looe is late ais nis Zs cle eiae'ae seedihscaleavenoeatizeas aueieeee a 24.8 
PRMAREP ESE ye ee ial wttd issinie win ch ce wa sielpieise nels ws demas ote s a 64.1 
a OMNNIER REO Sat sicic) utc aes s Wabhenlelclablae oe ww geld ssrrifies woe duia sees a 43.9 
LOL DE = os Sone a4 ee eee ee ee Mere Cee eee eam Be) sata sions bane 
MC MIN NAc le cialie Bisigs ac untee scteisae ees aude «tens bialswiwiee'e meas a 20.9 
NNN Se esters a Stee erties tg xicla ate yw aio talaeins osaraie aie aii Shayohay|isiivwae Aw eh mini a 28.0 
SRR ESE ON or yc Ee ee ta Sis ah ie coher) Sea iierats Chall WG stave deh wate as a 118.2 
MRE RP reins bea ccs ah olenisiae Seaisoiage Aiciainlawass 6 sacs Segall iealsuios eeiemes a 284.9 
GAPE tae ais ci) ai> ara in atain aidlajaie| Saisie! Aiararal SoiaiiG% o/s: Biciwra: Sim voifinla chalalere bia'aiehs a 533.6 
SUMPRREN ENCES Sa seta vice austiee'> aici alaaieelsta wes oe) wisiaieiois aS iejcinia'[icminey we ste sie a 168.6 
NMRMEE SR MNES hse ian Uni cinta siBles aie aiciydalb sles deidsm mm sioik(y swiai|eiaw Seaeeeicls a 78.2 
MRNA RR ri sah tarafaie tral pene esi aaieiae x cela wivhole state webine na 6.4 s 39.3 
"I. ie Es | AN hinseoers tfscoerc ears Base 8.3 11.6 11.8 
RRNMPSE EE A Sore sine o vik enn 6 Se a ise py mlalels- ernie elo ely wae clause Lt 19.9 3.7 
PEPER RG SIE) Sok vicic avinls vine dd cine cinca neuen da dents Sesm meee 0.8 38.1 5.9 
IMIS IN ES ab Jo ata oa cca oie anfoia mci wanidhewecine wai istpls a 33.8 23.5 
RR MNINE AE MR aie cio. oitsiaje 05.035 0)m baja. siaieieie Sadie Ripe wmreidare a 98.2 3.4 
BRP Rea Nii Ai Si ise oid al 2 osc) a dhsju tv dve,2) iw soie, aiaie eheiaie Widiolore’ > ape a 26.9 0.4 
Sen gee Ss a a 23.5 a 
WRGRGHEUGE BAND leo ibc.5 ec 5 con 'o0.00 nine is a 49.6 8 
DCIS EEMIE VAG a estos onlin icin ss vies barca sila e Simca eee a 58.3 s 
PRAMAS ENE MO coc tenascin iis welsc eben sciace se ncienpeaeadee a 141.1 . 8 
PEN TE NCN) On Uk iol cS unas au Deu cad Gswnirdiisis chia sirowe a 99.8 8 


a, absent; s, scattering individuals only. 
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The following statement shows the general numerical relations 
of the species, observations beginning in July, 1894: 


Season. 1894. 1395. 1896. 1897. 


Sng acre akiss wicca tebe sets ? Abundant ..| Absent.......| Abundant....| Very few... 
Early summer ...:...........| ? Ephippia ..}| Few.......... Adult males 
and females} Increasing. 
Hate SUMMED |... 6266.6 ce0 bees BOW wide detains Abundant....| Few.......... Abundant.. 
WARE WANNA Sidi orciesercoare re larerajaveensis Absent'.......) Abundant....| Vory few. ...\./l::\.¢ sueseemebe 
WIRtOr os. ss levees cacxseses ec. | ADSONE 20... 50 (Abandant....! Very few... «2.2 skaeeeeeeee 


As was stated in my former paper, (Birge, Olson, and Har- 
der, 95, p: 473), this species is found through the summer in 
the deeper water only. Scattering individuals may be found 
extending to the surface, but even where one-sixth of the total 
number of crustacea was counted, the number of this species 
found rarely exceeded one individual; and in my studies during 
1896, no individuals of the species were found from the upper 
levels of the lake. As will be stated more at length on the sec- 
tion on vertical distribution, D. pulicaria is confined in lake 
Mendota during the summer to the space immediately about the 
thermocline. It is unable to rise higher on account of 
the high temperature of the water, and is unable to descend 
lower on account of the impurity of the deeper water in late 
summer and early autumn. This fact limits greatly the num- 
ber of the species during the warm season of the year, and in 
lakes whose bottom water is cold and not contaminated by de- 
composition products the number of the species is far greater 
during the summer months, and the period of active sexual 
reproduction is a much longer one. 

This species varies much more in numbers from day to day 
than does any other of the species whose numbers are at all 
considerable. The station at which most of the observations 
were made was not far from the southern shore. As a result of 
the action of the wind the thermocline is subject to 
considerable variation. A violent southwest wind, especially 
has the effect of driving out the warm water near the bottom 
of the lake, and thus temporarily raising the temperature of the 
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deeper levels at the station. Under these conditions the mem- 
bers of this species which ordinarily live between the station 
and the shore become driven out from their ordinary place of 
abode, and the numbers at the observing station are corres- 
pondingly increased. Thus on August 21, 1895, the number of 
this species caught was 493, a number not far from the average 
of the month up to that time. On the next day, the wind being 
strong from the southwest and the thermocline lying at 
an unusually low level, the number caught was 2,600. On the 
following day 954 were taken, and four days later only 85. The 
following table shows the details. 


TABLE XIX, 
Date. Wind. Depth. Temp. No. D. pulicaria. 

1895. Above 9m. 0 
9m. 21.4° 9-12 m. 480 
RAR cg aes cists welts! visia's Southeast........ 12 m. 18.4° 12-145 m. 5 
15 m. 15.4° 15-18 m. 5 

18 m. 13.8° 

MNES ca ea Wialayays sn. 4d\g. + 5 als bie wie Southwest. 

Above 9m. 9% 
Strong all day...| 9 m. 21.7° 9-12 m.2, 120 
12 m. 20.4° 12-15 m. 360 
15 m. 17.3° 15-18 m. 18 

18 m. 14.7° 
Above 9m. 9% 
PMR Role a's daa a! lee S'S ss, cidiaon Nearly calm. ....) 9m. 22.09 9-12 m. 640 
12 m. 20.82 12-15 m. 220 
15 m. 14.8° 15-18 m. 40 

18 m. 13.8° 
RNASE AUP Eales y Gis! siti aicih~  siae » Cabin aise sce he cae 9m. 22.0° Above 9m. 0 
12m, 20.8° 9-12 m. 0 
15 m,. 17.3° 12-15 m. 80 
18 m. 13.9° 15-18 m. 5 


In September of the same year 415 specimens were taken on 


the 18th, 2980 on the 22nd, and 3615 on the 25th. The condi- 


tions of temperature in the deeper water were much the 
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same as‘on the former occasion. The rise in numbers shown 
by the tables and diagram in the latter part of August and in 
September are therefore due to these unusual accumulations of 
the species and do not indicate a corresponding average rise in 
numbers extending over any considerable area of the lake. The 
ease is;wholly different with the increase which comes in late 
November and December. This is occasioned by a very rapid 
multiplication of the species. The brood-sacs contain from 5 
to 9 eggs. This reproductive period does not begin until after 
the temperature of the lake has fallen below 10°, and mul- 
tiplication continues, although at a slower rate, throughout 
the winter. 

In the spring comes the main period of reproduction; and 
during May, 1896, the numbers were uniformly large, yet even 
here they were subject to very considerable variation. At the 
time of the maximum, the species was the most abundant of 
the limnetic crustacea, with the exception of Cyclops, and since 
the individuals are so much larger than Cyclops, the species 
was the most important constituent of the crustacean plankton. 

It would seem necessary to suppose that the ephippial eggs 
deposited in June and July of one year remain unhatched for 
nearly a year. This is a very long period, and I have no direct 
observations which would make the conclusion certain. I am 
sure, however, that the species was practically absent from the | 
plankton after August, 1894, since it was carefully looked for 
and only one specimen was found, and thatin December. There 
was also no reproductive period in 1896 after the first of August, 
the increase in numbers in September of that year depending 
on an aggregation of individuals corresponding to that in 1895, 
there was no reproductive period during November or De- 
cember, and the species declined in number, so that it was not_ 
practicable to enumerate it in the plankton. The winter eggs of 
Diaphanosoma must remain unhatched from about Oct. 1 to 
_ June of the next year. 

The peculiar history of Daphnia pulicaria in lake Mendota 
is conditioned in great part by the fact that the species 
is unable to live in the cooler water of the lake below the 
thermocline. In lakes which are relatively plankton-poor, the 
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species is found in far greater abundance during the summer in 
the cool, deeper water, and extends to the bottom of the lake. In 
the lakes of the Oconomowoc group, this species is abundant. 
and is by far the’most conspicuous of the crustacea which are 
found below the thermocline. 


Daphnia retrocurva. 
Figure 18.— Table H, Appendix. 


TABLE XX.— Number per sq. meter of surface stated in thousands. 


1895. 1896. 
IIE Ie ie ces es aie ctainiaic <a aicie:ain)c pein aicie'd. saya ois aisiwio sia’ 8 a 
NS RR OR AO ice iti Dinginia) Sains alnie Sate mG Scie bn aieie miae's Haid sini 9.7 s 
MM EAS tetra nici iincpne se wad tic cminreeial ess hea 5.0 ss, ona ae 31.5 2.5 
TN OME aa cicial 2 8 clipe! oa ss ele sini sin ani nmjaielave dnc ssiow Jae a o5isi0 68.2 27.6 
MUERTE BP tee Oe aac Rola dis dacintnce pik Roc ate ws bie aid Rin ein dels eis 3 50.1 57.1 
IMEEM ee na Sins Cac saladewise gas ted nidase kod peed UGawened 23.8 157.7 
EE TRNN EO alas ceick. 5 alc a Lictovaliale, Aa. ccislavuinialalibis wie atte w pra. S-allawtwib'e dele ni 53.6 228.6 
DEE AES EYL PERG ss pinins Salnine nilaid bv ba w dled Some db su U2 ae ep & oe 72.5 299.3 
MINS ER RES le eh gee ee ia alg SiS tie! wets eels a Riadwtaslule we 70 8 92.7 
MNRAS MAPA DN PH e520 cial sa Lise dp, sale nines cites oini bein vis seletivek ane 59.3 9.9 
RIESE MN oa A tee a ns chia far ds vemictay o's wih aio Coe te Diss ow eie sind ee\eie ss 24.2 8 
MMM EB art siete tal ohio asa'a eajbiwin Scie jan a's ois 5 nye oldie didi cle wince 6 5.0 s 


PCT PNEaT PSEA eee ees oa Cie Niacaaatsrd Sintarelataissaid dis Sue a ave 0.7 a 


Daphnia retrocurva belongs to the periodic crustacea, and its 
numbers have been very different in the three seasons of my 
study. In 1894 the species was practically absent; two 
Specimens only were seen in July, and none were found in later 
months. In 1895 it was present in moderate numbers, and in 
1896 the numbers in September and October were very consid- 


' “erable. The small number in 1895 is probably the result of the 


absence of the species in 1894. Perhaps also the competition of 
Daphnia hyalina had something to do with preventing the in- 
crease of the species in 1895. In that year Daphma hyalina 
was present in large numbers throughout the late summer and 
the autumn. In 1896 D. hyalina declined greatly in numbers in 
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August, and in the latter part of the month both retrocurva and 
hyalina were practically equal and their numbers rose together 
during September and October. It is quite possible also that 
the lower temperature of the water in September, 1896, as com- 
pared with the same month in 1895, favored the development of 
both species. In 1895 the summer temperature of the lake was 
maintained until late in September. The result of this was 
apparently a great increase in the number of Diaptomus, and a 
steady decline in the number of Daphniae. 

D. retrocurva first appears in the latter part of May. The 
numbers are small, but two or three specimens can be found by 
search in almost every catch. During June it apparently disap- 
pears, or is much more rare than on this first appearance. It 
is not possible to estimate its numbers with any accuracy be- 
fore July or August. The males begin to appear in late Sep- 
tember or in October. They were first noticed on September 
17th, 1895, and October Ist, 1896. The ephippia developed 
during October, and the species declines rapidly in November, 
and finally disappears from the lake by January Ist. The ephip- 
pia float, and many of them are doubtless driven to the shore, 
so that if the level of the lake is much lower in the spring and 
summer than it was in the fall, these ephippia may fail to develop, 
and thus cause a scarcity of the species. 

The maximum of this species coincides with the presence of 
the males. These, when at their greatest abundance number 
from 18 to 50 per cent. of the full number caught. They are 
always more abundant, relatively, in the upper strata of the 
water than are the females, agreeing in this particular with 
the young of most species of the limnetic crustacea. 

The food of this species agrees with that of the other members 
of the same genus. It eats Anabaena and diatoms in prefer- 
ence to other plants. It makes very little use of Ceratiwm and 
avoids Clathrocystis whenever possible. 

Marsh (’97, p. 210) assigns the maximum of D. Kahlbergiensis 
to late October, thus agreeing with the corresponding species 
in lake Mendota. He does not say anything about males and 
since the species was present during the winter of 1894-5 it 
would seem to belong to the perennial crustacea of Green lake. 
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Zacharias (’96, p. 53), gives August and September as the 
maximum, and also says nothing about males. The species 
was only occasionally present in the winter. Apstein (’96, p. 
179), gives August as the date of the maximum for all species 
of Daphnia. He does not mention a sexual period, though he 
gives no especial attention to the subject. Had there been 
such a period as is shown by D. retrocurva it could not have 
been missed. 


Dianhanosoma brachyurum Sars. 


Figure 19. — Table I, Appendix. 


TaBLE XXI.—Average number per square meter of surface, stated in 
thousands and tenths. 


1894 1895 1896 
SUPINE EN ee fat erate wclercvaravatale dinie daisies eae aie eielseielaning one) reals s s 
SUP Ee ook w'cin'd wees odescsne wlelatia nerd plawiam bp aie aie setae 0.8 6.9 s 
URMERETERE MRS en UN ek eo de 6.8 31.5 8.9 
MPRA SE MN coos sia ciciala wee atetnialnic wialxalbe Gains noel dnele 18.0 32.2 147.4 
SS TSELE SVEN CCT By FR a i OE Care ro ee No obs. rAtfel | 108.3 
aI NTRRIRE EAD or 32 os car acice wows kicitia'ad deine eaen o's 19.6 17.2 32.9 
RIMS EA foes) alt di tron a sa tuldc mac tossain wove ves 5.2 3.4 0.4 
SCAMS BANS clio aia wiuaie ns aciais, nieve! cise ve nes Sioale acs olen 0 3.0 0.0 00 


This species is the least numerous of the limnetic crustacea 
which appear in large numbers, and has the shortest season. 
Scattering individuals may be seen as early as the middle of 
May, but they do not become a regular constituent of the plank- 
ton catch before the middle of July or the earlier part of Au- 
gust. They disappear in October, and are greatly reduced in 
number by the cold storms which usually come in late Septem- 
ber. Males appear about the middle of September, and the win- 
ter eggs are then produced. The species was far more abundant 
in 1896 than in either of the two preceding years, which agree 
with each other fairly well. For this difference I can assign no 
reason. The numbers were constantly greater in 1896, so that 
the increased number was not the result of a few large 
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catches. The life history of this species practically belongs to 
the period when the temperature of the upper water of the lake 
is above 20°. 

Apstein (’96, p. 166), Fri¢ and Vavra (94, p. 103) find the: 
relations of Diaphanosoma quite as I have done. It does not 
seem to belong in lake Ploen. Marsh (’97, p. 215) gives the 
species as present from June to November in Green lake. All. 
find it a little earlier in the spring than I have done. 


Chydorus sphaericus O. F. M. 


Figure 20.—Table J, Appendix. 


TasLE XXII.—Chydorus sphaericus. Average number per square meter 
expressed in thousands. 
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The above table shows that the number of this species is sub- 
ject to very great variation; yet there is a certain degree of reg- 
ularity in its appearance. The years 1894 and 1896 resembled 
each other in having a maximum in autumn, which was wholly 
absent in 1895. A large number was also found in July, 1895 
and 1896, while practically none were present in 1894. In the 
winter of 1895-6, Chydorus was regularly present; while in that 
-of 1894-5 there were found only isolated individuals from time 
to time. I believe that these periods of abundance are correlated 
with the abundance of Anabaena and allied algae in the water. 
‘The autumn of 1894, and the whole season of 1896 were charac- 
‘terized by a great abundance of these plants; while they were 
exceedingly rare in 1895 after the spring and early summer. 
The summer of 1894 was marked by an enormous development of 
Lyngbya, an alga quite too large to serve as food for Chydorus, 
and at the same time occupying the upper stratum of the water 
‘to the exclusion of the smaller algae. 

The development of Chydorus is therefore dependent on the 
kind of food to a degree unusual among the limnetic crustacea. 
It is also dependent on temperature. In both 1895 and 1896 it 
was the last of the perennial crustacea in its development, no 
marked rise occurring before the last of June or the first of July. 
"This is the more noteworthy, since eggs may be found in the brood 


sac at any time during the winter. 


In 1894 and 1896 the maximum came about the middle of 
‘September, while in 1895 only one small maximum was present, 
and that was in July. In 1896 there was no decline of the 


‘species in August, but rather an increase, and in this season 


Anabaena and allied forms were abundant throughout the 


:Summer, 


In 1894 the number increased very greatly between the 6th 


sand 10th of June, as is shown by the following record of the 
mumber of individuals caught. 
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Earlier and later catches agree with those given. On the 8th 
and 9th of the month there was a violent wind from the north 
and northwest, which probably brought this species out from 
shore water where it had been developing. 

These facts indicate that Chydorus is not properly a limnetic: 
form but that it gets into the limnetic region by accident and 
maintains itself there so long as suitable food is present. I agree 
with Apstein in regarding this form as characteristic for lakes. 
abounding in Chroococcaceae or, perhaps, Schizophyceae. He- 
has not observed its dependence on the seasonal appearance of 
these plarts in the lake, as is the case in lake Mendota. In the 
limnetic region the species is acyclic so far as my observations. 
go. The largest catches of this species were 440,000 per sq. m. 
Sept. 21, 1894; 221,000, July 28, 1895; 661,000, July 7, 1896;, 
674,000, Aug. 15, 1896. 


Leptodora hyalina Lill}. 


TasLE XXIII.— Leptodora hyalina. Average catch per square meter of 


surface. 
1894 1895. 1896. 
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The table given above shows the average number of Lepto-- 
dora during the seasons of 1894, 1895, and 1896. The species. 
first appears in May, being first observed May 29th, 1895, and: 
1896. The nauplii must appear earlier, but I have never seen: 
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one, although careful search was made for them in both years. 
The number of the species is so irregular that the average per 
square meter represents very little. On August 22nd, 1895, the 
species was present in the upper meter at the rate of nearly 
2700 per cubic meter. These were all young females, either 
without eggs or having the eggs just laid. On October 6th, 
1894, three sets of observations gave respectively a catch of 9, 
38, and 13 individuals. On July 19th, six catches, at different 
hours, gave 0, 34, 11, 4, 3, 0. On August Ist and 2nd, there 
were taken: 4, 24, 16, 10, 4, and 2 individuals at different 
hours. These examples are sufficient to show that the figures 
for Leptodora are subject to a far greater variation than those 
of the other crustacea. For this reason, and also because the 
size and habits of Leptodora are quite different from those of 
the other limnetic crustacea, the species has not been included 
in the total number of crustacea. The maximum catch was 79, 
Aug. 7, 95; 75, June 22, 96; about 5,000 per sq. m. 

Males of this species appear in October, the numbers decline 
rapidly during November, and no individuals were caught by 
the vertical net after November 26th in either year. MHorizon- 
tal collections, bowever, show that they were present until 
after December first. The limits of this species, therefore, ex- 
tend from the middle of May to the first of December, and the 
maximum numbers occur in late summer and early fall. It is 
worthy of note that in no year does the maximum number coin- 
cide with the production of males. This is to be expected, 
as the large summer catches were due to the presence of num- 
bers of young or half grown Leptodora at the place where the 
net was hauled. It is therefore not surprising that these 
swarms should be irregular, and they would not be expected at 
the time when the adult females are producing the winter 
eggs. 

Many observations were made upon the food of Leptodora, 
and it was found that they eat chiefly Cyclops and Daphnia. 
The attempt of the animal seems to be to squeeze out and swal- 
low the interior of the prey. In a considerable number of in- 
stances the intestine or the ovary of Daphnia, nearly entire, 
was seen in the stomach of Leptodora, and only occasionally 
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were any parts of the skeleton of this species found. The legs 
and similar appendages of Cyclops were not infrequently seen. 
Large Daphnias have ordinarily a shell so thick that the weak 
jaws of Leptodora are unable to pierce it, and a very large pro- 
portion of the Daphnias seized by Leptodora escape apparently 
uninjured. 

Apstein (’96, p. 175), notes that this animal in the Hinfelder 
See was very large, over 1 cm. long. It is not at all uncom- 
mon to find specimens measuring 18 mm. in lake Mendota. The 
average Size is dependent apparently on the abundance of food. 
In Green lake and the Oconomowoc lakes the length is decid- 
edly less than 1 cm. 


FACTORS DETERMINING THE ANNUAL DISTRIBUTION. 


Our knowledge of the conditions of limnetic life is at present 
far too fragmentary to permit any complete explanation of the 
factors which determine the number of crustacea present in the 
plankton. Certain provisional results however, nay, be reached 
as a result of this study of the crustacea. The following factors 
are present and combine to determine the total number of the 
crustacea present at any time and the number of the members of 
each species. 

1. The food, both in aah and quality. 

2. Temperature. 


3. Competition. 
Food. 


It is plain that the quantity of available food must set an 
upper limit to the number of crustacea. Available food must 
be carefully distinguished from plant material, since all plants 
are by no means equally edible by the crustacea. (Gloiotrichia, 
for example, is present in lake Mendota in considerable num- 
bers from the latter part of July to the early part of Septem- 
ber. It is never the dominant alga, as it is apt to be in the 
plankton-poor lake. Butitis often the most prominent alga 
to the eye, and is present in such numbers as to form on calm 
days a thin scum on the surface. It does not appear, however, 
that any species of crustacea regularly eats it. I have given 
very careful study to this point during three seasons, and have 
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never seen any evidence that any of the limnetic crustacea feed 
upon it. Of course in cases of necessity it may be eaten, but 
even where other food is comparatively scanty, Gloiotrichia 
seems to be avoided. It should, therefore, be subtracted from 
the quantity of available food. 

Clathrocystis and Coelosphaerium appear also to be far less 
readily eaten than other species. I have made very numerous 
observations upon Daphnia of all three of the species present 
in lake Mendota and have uniformly found that while the dia- 
toms, Anabaena, and Aphanizomenon are greedily eaten, the 
colonies of the genera first named are uniformly rejected. Dur- 
ing the autumn and winter of 1894-5, Clathrocystis and Aphan- 
izomenon were almost the only algae present. The food of Daph- 
nia was almost exclusively the latter species, and I have seen 
hundreds of Daphnia persistently rejecting Clathrocystis, while 
greedily collecting and devouring Aphanizomenon. Daphnia 
eats freely all of the filamentous diatoms, including Fragillaria, 
Melosira and Diatoma, while Diaptom us seems to prefer Ana- 
baena and Aphanizomenon to the diatoms, when all are present 
in large numbers. Since these preferences for various 
kinds of food are so strikingly marked among the crusta- 
cea, it may easily happen that a period when vegetation is su- 
perabundant in the lake may be one of scarcity for the crusta- 


cea. The most conspicuous case of this sort occurred in the 


summer of 1894, when my observations on the crustacea began. 
In July and early August of that year a species of Lyngbya 
overgrew all the other species of plants, constituting more than 
95 per cent. in bulk of the vegetable plankton. It was so 
abundant as to constitute a thick scum on the surface of the 
lake during calm weather. The filaments of Lyngbya are large 
and perhaps for other reasons than size are little available as 
food. The Daphnias present were carefully examined and hardly 
a single filament of the species was found in them, nor could I 
find any evidence that the other species ate it, although the re- 
mains of diatoms and other species of plants were found in their 
intestines. The number of every species of limnetic crustacea, 
except Diaptomus, was far smaller during this period than in 
other dae as the following table will show: 
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TaBLE XXIV.—Number of limnetic crustacea during July, 1894-1896, 
stated in thousands per sq.m. of surface. 


July. 1894. 1895. 1896. 
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Daphnia retrocurva was entirely absent in 1894, while begin- 
ning its regular development in the two latter years. 

It seems quite evident that the presence of Lyngbya in the 
lake was the determining factor in causing the numbers of all 
species except Diaptomus to be so exceptionally small. The 
influence of this alga is not by any means confined to the adults. 
It is even more important in its action upon the young. In all 
the species of crustacea the immature forms are found near the 
surface, and during the day the upper one-half meter, or there- 
abouts, is occupied by immature crustacea. This is the same 
region as that in which the Lyngdya is most abundant, and 
since Lyngbya is wholly unmanageable as food for the immature 
crustacea, its presence in the upper water exerts a very unfa- 
vorable influence upon the development of the new broods which 
may be hatched while it is the predominant alga. It is note- 
worthy that Diaptomus, which maintained its numbers through 
the Lyngbya period, is the species of crustacea which combines 
great locomotive powers with effective means of collecting food. 
Daphnia has the most effective food collector, but is inferior in 
locomotive powers. Cyclops is inferior to both species in both 
ways, but ordinarily has an advantage in its omnivorous habits 
and its greater adaptability to different conditions of life. 

In late July Lyngbya began to decline, and Aphanizomenon 
and Melosira began to develop. Parallel with this change in 
the character of the algae, Cyclops and Daphnia hyalina in- 
creased rapidly, and in late August, when Melosira was the 
predominant alga, Cyclops and Daphnia were the predominant 
crustacea. Chydorus had fairly entered upon its period of rapid 
multiplication at this time but its numbers only: became large as 
Aphanizomenon multiplied in September. 
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Ceratium offers an instance of an alga which, while not ab- 
solutely unavailable as food, is far less rapidly eaten than other 
species. So far as my observations extend, the adult Cyclops 
devour it more freely than do any other species of crustacea. 
Cyclops, indeed, is the most omnivorous of the plankton crustacea. 
It seizesand devours rotifers, nauplii, and other small animals, 
as well as plants. I have seen it pounce upon and devour Cer- 
atium several times, while I have never seen Diaptomus do the 
same, and have only very rarely found fragments of Ceratium 
in the intestine of Diaptomus. During 1895 I did not find in 
a single instance Ceratium within the shell of Daphnia, but 
in 1896 I found it in avery fewcases. Ceratium is a prominent 
alga during the summer, and at some time ordinarily becomes 
the dominant form, so that there is fairly a Ceratium period. 
In 1895 this period fell from the middle of June to the middle 
of July, and for a week on each side of the first of July, Ceratium 
constituted more than 90 per cent. of the plankton algae. In 
1896 this period was later, coming in August and early Sep- 
tember. It was present in large numbers from the early part of 
the summer, but seemed io be hindered in its development by the 
great numbers of Aphanizomenon, which were present in the 
water. For nearly a month it seemed doubtful whether there 
would be a Ceratiwm period at all, but finally in August, 
-Ceratium predominated decidedly over Aphanizomenon, although 
a considerable quantity of the latter species and Anabaena was 
always present. Ceratium, like Aphanizomenon, occupies the 
upper strata of the water, and its presence there is a hindrance 
to the development of the young crustacea, since it is so large 
and its shell is so hard that it cannot be eaten by them. The 
Ceratium period in 1895 marked the beginning of a decline in 
the numbers of the crustacea. The same was true to a less 
marked extent in 1896. Ihave no doubt that the presence of 
this alga in great quantity is one of the factors which influences 
the late-summer minimum in the numbers of the limnetic crus- 
tacea. In 1894, Ceratiwm was present, but its numbers were 
always far inferior to those of of Lyngbya. 

The quantity of food also exerts an influence on the number 
of the crustacea. In a lake in which the plankton is so abun- 
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dant as in lake Mendota, the quantity of algae is ordinarily in ex- 
cess of the demands of the crustacea, and any scarcity of food 
is wont to be brought about rather by changes in the quality of 
the algae than by an inadequacy in the total supply of vegeta- 
ble material. There is, however, one line of facts regarding ~ 
the quantity of food to which sufficient attention has not as yet 
been given, namely, the correspondence of the relation of the 
rhythm of development of the algae with that of the crustacea. 
As is well known, the successive species of plankton algae come 
on in waves of development, and between the periods when 
given species are plentiful, there are intervals, longer or shorter, 
when the food supply may be small. This relation may be best 
seen in lake Mendota at the time of the spring maximum. The 
crustacea, during the spring, increase more rapidly than the 
algae, and when the crustacea are at their maximum, the mass of 
plankton appears to the eye to consist of little except crustacea. 
Under these circumstances the food supply must be inadequate, 
the number of crustacea must fall off, and, especially, their re- 
productive power must decline. If the rate of increase of the algae 
coincided with that of the crustacea, so that the time of maxi- 
mum amount of food agreed with the time of maximum needs 
on the part of the crustacea, this quantitative oscillation would 
be of little importance; but, if at any time the decline of the 
dominant algae coincides with the reproductive period of a 
species of crustacea, it may be long before the species recovers 
from the injury thus caused. This relation between food and 
crustacea is one of the most important, and at the same time 
one of the most difficult to investigate, and one to which as yet 
but little study has been given. It is plain, however, that the — 
number of a species of crustacea must be determined—so far as 
determined at all by food—by food relations when most unfavora- 
ble, and that the quantitative relations of food and crustacea 
must be followed from day to day, if this relation is to be un- ~ 
derstood. 

Zacharias (’96, p. 60) expresses his surprise that the small 
crustacea do not increase beyond a certain number when they 
are provided with so abundant food throughout the year. To 
this question he states that there is at present no answer. I 
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am very far from supposing that I can answer the question 
completely, yet Zacharias’s own figures show that at certain 
times of the year the food supply must be exceedingly small. 
For example, his figures show that the quantity of plant life is 
apparently abundant during the spring and early summer, but 
that in the late summer the amount of vegetation is small in 
proportion to the number of eaters. 

On August 20, 1895, the number of crustacea (l. ¢., p. 45) 
was nearly 1,350,000 per square meter of surface, the diatoms 
less than 30,500; Dinobryon, Hudorina, and Ceratiwm 459,010; 
and Gloiotrichia 70,650. Thus, including Gloiotrichia, there was 
less than one colony of algae to 2.5 crustacea. On Sept. 20, 
there was hardly more than one plant to 10 crustacea. Under 
these conditions a daphnia would have to strain a good many 
liters of water to satisfy her eternal hunger. 

It never happens in lake Mendota that the ratio of food to 
crustacea falls as low as these observations in lake Ploen, and 
while I am convinced that the occasional scarcity of food is an 
important factor in limiting the number of crustacea, I am 
equally sure that there must be other conditions, still unknown, 
which at times are even more important. My studies on the 
vertical distribution of the crustacea in 1895 and 1896 show that 
all or nearly all of the increase of the crustacea which causes 
the fall maximum is brought about by the increase in the num- 
bers of the crustacea in the deeper part of the lake from which 
they are excluded during the summer. In other words, the num: 
ber of crustacea in the upper three meters of the water remains 
nearly constant from a.date near the close of the spring max- 
imum to the decline in numbers in late autumn. In 1896 the 
number of the crustacea in the upper strata increased somewhat 
during the autumn, owing to the occasional presence of large 
numbers of new-hatched individuals, but even in this year more 
than three-fourths of the increase in the number of the crustacea 
was due to the increase of the population of the lake below the 
nine-meter level. In the upper water, however, the increase of 
plants is most rapid. It begins in August at latest, and the 
quantity of vegetation goes on increasing, for two months at 
least, until in October the amount of food may easily be four 
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or five times as much as in mid-summer. During this period 
the conditions of temperature are by no means unfavorable for 
reproduction, and it is at present impossible to see why crus- 
tacea should not increase more rapidly and thus reach a greater 
number at the period of the fall maximum. 


Temperature. 


The temperature of the water, as such, independent of its in- 
fluence on the food supply, determines the reproductive powers 
of the crustacea and the rate of their development, and thus 
limits their numbers. Perhaps, also, it exerts an influence on 
the length of life of the adults, although this influence is less 
certain. 

The different species of limnetic crustacea differ greatly in 
their relation to temperature. The periodic species are neces- 
sarily more greatly influenced by it than are the perennial. 
Diaphanosoma brachyurum is the most stenothermous of the 
periodic species. The first scattering individuals appear late 
in May but the species does not become a regular constituent 
of the plankton until late in July or early in August. The species 
increases in number throughout August and early September. © 
The males appear towards the middle or last of September, when 
the species rapidly declines and wholly disappears from the 
plankton before the Ist of November. Its active period, there- 
fore, lies during the time when the temperature of the water 
of the lake to a considerable depth equals or exceeds 20° C. 
The individuals found in October are the survivors of the Sep- 
tember swarm, which show no reproduction and which disappear 
rapidly. | 

Daphnia retrocurva comes next in its relations to tempera- 
ture. The species first appears late in May, but develops very 
slowly, and does not become plentiful enough to be counted as 
a regular constituent of the plankton until late in July or early 
in August. Its appearance thus coincides approximately with 
that of Diaphanosoma, but its autumnal history is quite dif- 
ferent. The species continues to increase sexually until mid- 
October. The immature males appear late in September or early 
in October. The females begin to develop ephippia in the first 
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half of October. The first ephippial females were seen on Octo- 
ber Ist, 1895, and October 12th, 1896. By the middle or last 
of October nearly all the females bear ephippia, and the ephippia 
are cast off before November Ist. After this date the species 
rapidly declines, and the last females practically disappear about 
the first of December, although scattering individuals may re- 
main until after January lst. The sexual period of this species, 
therefore, instead of coming, like that of Diaphanosoma, when 
the temperature of the lake is still in the neighborhood of 20°, 
does not begin until the temperature has fallen below 15°. It 
should be remarked that in all these cases of an autumnal sexual 
period, scarcity of food can play no part in bringing it on. At 
this time the lake is crowded with algae of those species which 
are most greedily eaten by the crustacea, and in the case of the 
Daphnias there is always present a large mass of food material 
between the legs. 

Leptodora is closely parallel to Daphnia retrocurva, although 
of course, its numbers are far smaller. I have never been able 
to see the nauplius of this species, though I have looked for it 
carefully. The young females appear late in May. The species 
reaches a Maximum in late August or September. The males 
appear in late September or early October, and the species dis- 
appears about the middle or last of November. 

In the perennial species the effect of temperature is chiefly 
seen in its action upon reproduction. Cyclops brevispinosus is 
by far the most indifferent to low temperatures. Its chief re- 
productive period is in the spring, ard the young may appear 
during the winter beneath the ice, when the temperature of the 
water is below 3.0° C. The rate of reproduction increases as the 
lake warms, but the maximum of the species is reached by the 
time the surface of the water has been warmed to 15°. During 
the summer the species makes no marked recovery from the 
spring decline. In Pine lake this species is found during the 
summer in great numbers, close to the thermocline, living 
chiefly in the colder water just below it. It seems probable, 
therefore, that the species is unable to reproduce rapidly in the 
warm water of lake Mendota, to which it is confined during the 
summer. The young of the fall reproductive period do not ap- 
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pear in large numbers until after the lake has fallen below 15° 
C. The production of eggs and nauplii continues throughout 
the year, but the development goes on with increasing slowness 
as the temperature of the lake falls. When the temperature of 
the lake has fallen below 2.U° C., there seems to be little or no 
development of the nauplii into young Cyclops, but as the 
water of the lake warms toward the spring, the development 
goes on once more. There is, however, no time in the year 
when female Cyclops may not be found in considerable numbers 
bearing eggs. 

In summer the number of Copepoda is smaller than that of the 
nauplii would lead us to expect. It is fair to conclude that 
at this time the temperature is higher than the optimum for 
their development into the adult forms. 

Diaptomus does not reproduce during the winter, although a 
very few females may be found in late February or March bear- 
ing egg-sacs. No nauplii of this species have ever been seen 
during the winter, and the total number seen with eggs has 
not exceeded a dozen during the three winters of my study. Nor 
does reproduction begin immediately upon the disappearance 
of the ice. Females bearing eggs are seen from the middle of 
April on, but the young Diaptomus do not appear in numbers 
until the water of the lake, to a considerable depth, is near 15° 
C. Although the numbers of the species vary through the sum- | 
mer, it remains on the whole more constant during the heated 
term than any of the species, and the late-summer decline in 
August is apt to be less marked than in other forms. The number 
of eggs is less in summer than in spring. It may be as great 
as 30 early in the season but declines to 10-15 later. In 1895, 
there was a marked rise in the number of Diaptomus during 
September, which was not seen in 1894 or 1896. Since in all 
years food is abundant at this season, we must look for the 
cause of this exceptional increase in 1895 to the persistence of 
the warm weather during September of that year. A glance at 
Figs. 1 and 2 will show that in 1895 the surface temperature 
of the water remained practically constant through the sum- 
mer and to the end of September above or near 20°, while in 
1896 the temperature began to decline about the middle of Au- 
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gust, and the decline continued steadily through September. 
Similar conditions of temperature to those of 1896 were found 
in 1894. | | 

There is no fall reproductive season for Diaptomus, but as 
the temperature declines the number of egg-bearing females 
diminishes, and the number of individuals of the species _be- 
comes steadily smaller. The winter level is reached compara- 
tively early, in late October or the very first of November. 
After this level is reached, no increase takes place until after 
May Ist of the following year. The number however, remains 
singularly constant throughout the winter, and the individual 
members are well nourished, containing large quantities of fat 
at all times during the winter. 

Daphnia hyalina has two great periods of reproduction, in the 
' spring and fall. The ovaries begin to develop before the ice 
has disappeared from the lake in late February and in March, 
when the temperature of the water is 2.5° C., or above. 
A very few of the largest individuals produce eggs at this time, 
but no considerable number of eggs are found until the temper- 
ature of the lake reaches 4-4.5° C., which has been about 
the middle of April. In 1895 the first numerous broods of young 
Daphnias appeared about the middle of May, when the upper 
water of the lake had reached an average temperature of about 
15° C., and the reproductive period lasted until about the 
middle of June. During this time the number of eggs is con- 
siderable, usually as many as five and occasionaliy nine, or 
even more. These eggs are smaller than those produced in the 
summer, the yolk is peculiar in color, and in general the eggs 
resemble more nearly those of the ephippia than the eggs pro- 
duced in midsummer. About three broods are produced during 
the month by the females. Toward the end of this reproduc- 
tive period males appear in small numbers. They never exceed 
4 per cent. of the total number of the females, and I have never 
found ephippial females at this season though I have searched 
carefully for them. 

During the first part of June those females die which have 
lived through the winter, and at the same time there seems to be 
a break in the reproductive activity of the species. Whether 
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this is due to the increase in the temperature of the water or 
not, I find it difficult to decide. In each year, as will be seen 
by reference to Fig. 16, the number of this species fell off rap- 
idly and greatly at the close of the spring reproductive period, 

and this decline was followed by an equally rapid rise. So great 
a fall, followed by so great a reaction can hardly be attributed 
to the progressive rise of the temperature of the water, and it 
seems to me probable that this break in reproduction is due 

rather to a reproduction-pause following the imperfectly indi- 

cated sexual period. This species seems to have had originally 
two reproductive periods, which would naturally have been 
closed by the production of sexual eggs. There is left now 
barely a trace of sexual reproduction, but the break in the 
sexual reproduction is still indicated in the history of the 
species for spring and early summer. 

When reproduction again goes on rapidly during mid-sum- 
mer, the females produce only two summer eggs, which are 
large, transparent, and quite different in appearance from those 
laid in the spring. The number of eggs increases to four in 
early September if the temperature of the water has fallen from 
the summer condition. 

The period of rapid reproduction in the spring falls at a time 
when the temperature of the water is from 15° to 18° C. In 
the autumn the main renroductive period is not entered upon 
until after the lake has fallen to a temperature of 15° C. 

Daphnia pulicaria. The reproductive periods of this species 
are also limited by temperature. A high temperature exerts 
an effect more unfavorable than it produces on Daphnia hyalina, 
and the main periods of reproduction come earlier in the spring 
and later in the fall than do those of its sister species. Repro- 
duction also continues through the winter with considerable 
rapidity. The period of active reproduction in the fall begins 
after that of Daphnia hyalina closes, and the largest broods ap- 
pear in late November and early December, when the tempera- 
ture of the lake has fallen below 5° C. It is apparently not 
until the lake has fallen below 10° C. that eggs are produced in 
great numbers, and in the cold water of the late fall, the females 
deposit in the brood-sacs from five to nine eggs, and the birth 
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«of these broods is followed by a marked rise in number. As the 
jake cools and freezes, reproduction still goes on, though more 
slowly than at the earlier date and more slowly than in Cyclops. 
Yet, during the winter of 1895-6, when Daphnia pulicaria was 
abundant, it was always possible to find females bearing in the 
brood-sac eggs in various stages of development. Active repro- 
duction begins again in the spring, as soon as the ice has dis- 
appeared. The temperature of the water rises so rapidly and 
uniformly at this season that it is impossible to state the opti- 
‘mum temperature, but the large spring broods were produced 
‘shortly after May 1st, when the lake had reached a temperature 
somewhat over 12° C. The maximum number of the species was 
‘found about the middle of May, at a time when the maximum 
‘rate of reproduction was past. Males appeared in the latter 
part of May, and the ephippia were ripe early in June and were 
-deposited before the middle of that month. After this date the 
‘species rapidly declines, but lingers for a time in the cool bot- 
‘tom water of the lake. The numbers become so few in late July 
‘and in August that no fair average can be given. They did not 
-entirely disappear, however, in 1896, as they did in 1894, and 
‘it was always possible to find a few individuals in each catch 
‘by careful search. 

This species is confined to the cool water of the lake during 
‘the warm season of the year. In plankton-poor lakes it occupies 
the whole region below the thermocline. In lake Mendota this 
“region is not inhabitable except at the very top, and the species 
is confined to the narrow zone which includes the thermocline. 
It is probable that this unfavorable influence on the life of the 
Species is the cause of its disappearance or great reduction in 
number during the warm season of the year. 

The relations of Chydorus to temperature are less definite 
than those of the regular plankton crustacea. I have already 
said that Chydorus is a littoral form, which occupies the lim- 
netic region only under favorable conditions. These seem to be 
rather determined by food than by temperature. The active 
‘life of the species, however, lies from the first of June to the 
ast of October, and the maxima may fall at almost any time 
‘within these limits. In 1894 the species was practically absent 
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during the latter part of August, rising rapidly to a maximuny 
in September (Fig. 20), and then declining slowly until late- 
October, when it fell off more rapidly and finally disappeared, 
with the exception of occasional scattered individuals. In 1895. 
it reappeared in May, reached a small number which it main- 
tained about six weeks, rose rapidly to a maximum in July,. 
and then declined to a small number which was maintained with. 
approximate constancy from the latter part of August, through: 
the autumn and winter, declining, but not quite disappearing, 
in the following April. In 1896 the species was much more: 
abundant than in either year, a fact which I have connected. 
with the greater abundance of Aphanizomenon during that. 
season. The species had a great development from July to the: 
middle of October, reaching its maximum early in September. 
There was also a minor maximum in early July and one in the- 
first half of October. It appears, therefore, that the maxima of 
this species have come in July, 1895, in September, 1896, and. 
in October, 1894, and that in other years these months have: 
been marked by the presence of very small numbers of the: 
Species or its total absence in other years. It is, therefore, 
impossible to say more on the relation of temperature than that. 
the maxima fall in the warm season of the year. During the- 
winter of 1895-6, when the species was regularly present, re- 
production went on, as was evidenced by the regular presence: 
of eggs in the brood-sac of the females. 

Summing up these results of temperature, it may be said that. 
in lake Mendota, temperature exerts a greater control over the- 
number of the plankton crustacea than does food. The number 
of the crustacea falls off in autumn, while food is still abundant;, 
reproduction is checked in winter, although the food present. 
would permit reproduction; and the reproductive periods of the: 
perennial species are arranged rather with reference to temper-. 
ature than to food supply. 

If I were to sum up my impressions as to factors affecting: 
the numbers, I should state them as follows: 

1. Food sets an upper limit to number. 

2. The algae of the upper strata of water determine the de-- 
velopment or failure of the young broods. 

3. Temperature determines the rhythm of reproduction. 
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Competition. 


The connection between the number of a species and the com- 
petition to which it is exposed from the other limnetic crus- 
tacea is a subject on which little can be said, yet indications of . 
the effect of competition are not wanting in my observations, 
and it may be worth while to point out some of them. The de- 
tails fo heve trtical distribution of the crustacea show that 


while the number of individuals present in the upper strata of 


the water may vary considerably from year to year, neverthe- 
Jess the number does not rise beyond a certain maximum during 
the season, and when this maximum has once been reached the 
number remains singularly constant. We cannot, therefore, 
avoid the conclusion that there is a certain number of crustacea 
‘which the water can support, and that this number cannot be 
greatly exceeded. If this is the case, the numbers of one species 
must exert an influence, more or less unfavorable, on the number 
of the other forms present. 

In each of the summers during which I have studied the 
erustacea, one form predominated in the plankton, and in 
each year the species; was different. In 1894 Diaptomus was 
more numerous than all the other crustacea put together. In 
1895 Daphnia hyalina was the predominant species in number, 
and still more in bulk, as its individuals are so much larger 
than the other species. In 1896 Cyclops was almost equally 
predominant, although at times Daphnia was nearly or quite 


-aS important. My explanation of these facts is that when a 


species secures possession of the water it is difficult for another 
Species to oust it so long as its reproductive power continues, 
The causes which give an opportunity to any given species thus 
to occupy the water are still largely unknown, or conjectural. 
It may be said, however, that as the species become successively 
predominant, a form whose reproductive period is at hand at 
the time of the decline of a dominant form will be able to occupy 
the vacant space for a time. 

An instance in which the numbers of a species seem to 
have been affected by competition is afforded by Daphnia retro- 
curva. In August, 1895 and 1896, the number of this species 
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was substantially equal, being 57,000 per square meter, in 
1896 and 50,000 in 1895, but in 1895 the number of Daphnia 
hyalina was very great, being 260,000 or more during the en- 
tire month; while in 1896 Daphnia hyalina had fallen off to 
61,000 in the latter part of August, being therefore substan- 
tially equal with D. retrocurva. 

The autumn history of D. retrocurva was very different in. 
the two years. In 1895 it declined in the early part of Septem- 
ber and showed only a feeble rise in October, while in 1896: 
both species of Daphnia rose together at an equal rate, and re- 
mained practically identical in numbers until the sexual repro- 
ductive period of D. retrocurva was passed. I can hardly at- 
tribute this difference in the development of the species to any-- 
thing excepting the occupation of the water by D. hyalina in 
1895. 

Another case in which competition may possibly play a part. 
may be found in the spring development of the crustacea. In 
no year do Diaptomus or Daphnia hyalina begin to develop: 
their swarms in the upper water until Cyclops has begun to de- 
cline, and its numbers in the upper water are greatly reduced. 
It would seem as though these latter species waited until 
Cyclops was out of the way before they began their main devel- 
opment. But in this case the increasing temperature of the 
lake is unquestionably a factor in the development, and the re- 
lation of competition is accordingly more doubtful. 


HORIZONTAL DISTRIBUTION: SWARMS. 


“Ob man die Befunde als Beweise der Ungleichheit oder der 
Gleichférmigkeit bezeichnen will, kann freilich so lange Ge- 
schmacksache bleiben, als man den Ausdruck nicht pricisirt.. 
Falls man aber pricisirt und gleichmiassig nennt wenn durch- 
schnittlich die Dichte nur um das Doppelte oder Dreifache wech- 
selt, ungleichmassig also, wenn die Vertheilung als so unre-: 
gelmiissig erweisen wird, wie etwa die Bewohnung der Erd- 
fiiche durch Menschen oder Thiere, so kann eine Meinungsver- 
schiedenheit nicht wohl bestehen bleiben. Ich betrachte die: 
Bewohnung einer Stadt noch als ziemlich gleichmdssig und wenn. 
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einmal an einer Stelle einige tausend Menschen zusammenstré- 
men, so wird dadurch die Bewohnung noch nicht ungleichmissig. ” 
(Hensen, ’95, p. 172.). 
I have placed at the head of this section Hensen’s words 
which seem to me to express with great clearness and 
wisdom the general truth regarding the still disputed question 
of the uniformity of the distribution of plankton animals. On no 
question relating to the plankton are opinions so widely at vari- 
ance, yet no question is more fundamental to the value of numer- 
ical work in investigation. For example, Wesenberg-Lund says 
(96, p. 153) that plankton animals occur ‘saa godt som altid i 
Svaerme.” On the other hand Apstein says: (96, p. 64) “Es 
ist bis jetzt nicht ein einziger wohl verbuergter Schwarm beo- 
bachtet worden.” Thus in the same year opinions diametrically 
opposed are expressed, each based upon investigation. Under 
these circumstances the result of my work extending over two 


and a half years, including some 400 catches, each of which con- 


tained from 3 to 12 species, may contribute something to the 
discussion. 

It is not easy to define what is meant by a “swarm.” No 
student of the plankton expects to find the plants and ani- 
mals distributed with absolute uniformity, and it is impossible 
to state the degree of variation in distribution which will en- 
title us to say that the species in question occurs in swarms. I 
agree with Apstein (’96, p. 53) that two- to fourfold variations 


‘are not to be counted asswarms. Apsteincomputes the actual dis- 


tance of individuals of Diaptomus when the numbers are about 
198,000 and 540,000 per.square meter, and finds in the first case 
the average distance would be 2.2 mm. and in the second 1.36 
mm. He rightly states thatsuch a difference in distance does 
not justify the name of swarm. Most will agree, I think, that 
a ten-fold difference in numbers will justify the statement that 
such species occur inswarms. Certainly animals whose number 
differ to that extent are very irregularly distributed, and if 
they were found in large numbers in compact areas, and the 
space between these areas was thinly populated, it would not. 
be unfair to say that the species appears in swarms. 

In general, there is no evidence of swarms in my observations, 


i 
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either of all the crustacea or of single species. It will be 
seen from the tables giving the maximum and minimum catches 
for each two week period that in the more numerous species the 
maximum catch is about four times the minimum, when the 
species is neither increasing or decreasing in numbers to any 
marked degree. Where the species is present in small numbers, 
the range of variation is far greater. Thus, in July, 1895, Lep- 
todora showed a variation from 1 to 50 individuals in the 39 
catches made during that month. It varied from 1 to 19 in 
catches made on the same day, and was wholly irregular in its 
variations during the month. During the same month the catch 
of Cyclops varied from 1290 to 6100; and on no day were two 
catches made in which one was double the other. In each of 12 
days in 1895 and 1896 two catches were made at points about 
two kilometers apart, and the ratio of the predominant species 
in these 12 cases was as follows: | 


Average Maximum | Minimum 
ratio. ratio. ratio. 
PROTEUS 2 tinct eo xine gad sence mak eee eee A: Be2121.62 1:2.4 pb 
DECOR fo fio! ics wats sic ae wiwlebin soaps Mme ews eke A cance AgBe12 0.55 1:2 Let 
DUO oe acai on ne ceiniw oe nash We ale a Oe ccag Fae es | ean ed ke OS 1:2 pW Te | 


In each case A denotes the smaller catch, which was about 
equally divided between the two stations. 

Again, if comparisons are made of catches extending over 
a period of time when the average number remains nearly con- 
stant, and when there is no reproduction, the distribution can 
readily be inferred. Fifty-six catches of Diaptomus were made 
between December 1st, 1894, and March 30th, 1895. Of these 
there were: 


Below 10,000 per square meter, 1 catch. Between 40,000 and 50, 000,5 catches. 
Between 10,000 and 20,000, 14 catches. Between 50,000 and 60,000, 2 catches. 
Between 20,000 and 30,000, 21 catches. Over 70,000 per square meter, 1 catch. 
Between 30,000 and 40,000, 12 catches. 


The figures also show that all of the December and January 
catches were below 30,000, all of March above 20,000, and only 
about one-fourth of them below 30,000; while the February 


we 
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catches were scattered from 15,000 to 50,000. While there is 


considerable variety in these catches, yet, when the length of 
time and the number of observations are considered, the extent 
of variation lends no support to the theory of occurrence in 
swarms. | 


TABLE XXV.— Diaptomus and Daphnia.— December, 1894—April, 1895. 
Expressed in thousands per sq. meter. 


D ae Daphnia. ee Daphnia. 
December 3......... 19 103 February 15........ 17 51 
13 144 32 42 
December 5......... 28 154 February 19........ 38 76 
. 27 93 41 109 
24 100 35 83 
22 116 29 86 
18 78 Eebruary 23-....2-- 36 54 
25 91 43 60 
December 7......... 26 138 48 66 
17 118 Diarch G36. js shod os 4 24 30 
December 19........ 17 57 29 41 
23 41 Maren het 2 sce ds 31 48 
Janaary 1) ....2....- 13 45 32 69 
17 52 51 45 
25 55 Maret 9.2) 2402425. 36 56 
danwary 2... 20.00... 12 48 27 26 
22 65 Marchi 12) 522.2% 28 ; 28 
22 41 45 63 
Vandary, Gic....5 << 15 86 56 60 
8 39 27 39 
i 36 «|| March 16 .......... 34 83 
January 9 o0625 5.6: 29 54 45 102 
16 57 33 86 
20 60 71 103 
Jgannary 16). /..0..2. 16 53 Mareh'.18) .i5.c.se 32 69 
13 61 34 72 
23 53 Maren 23010202656 33 39 
February 14........ 23 43 27 40 


The foregoing table shows the numbers of Diaptomus and 


Daphnia hyalina during the winter of 1894-5. Similar results 
24 
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were found in the same species during the winter of 1895-6 and 
indeed similar taoles could be constructed for any species fairly 
numerous, and neither increasing nor declining in numbers. 

On July 21 and August 15, 1896, a series of catches was made 
extending across the lake some 5 kilometers, at approximately 
equal distances. The result of the latter catch is given in the 
accompanying tabie; the other was substantially the same. 


TABLE XXVI.— Collections on August 18, 1896, expressed in thousands 
per square meter. 


I It Iit IV. VI VII 

Dis ptemus 4.5). Fc o0 sks 27 51 40 80 74 83 
Gyclows oo. S08. hte beeen 184 203 142 136 127 145 
TD) pulieariar. vsset kcal celts 57 31 3.3 ia 
De tyrallina) a rants cecal ohcne > 37 31 15 33 33 38 
ID. TGhEGCUIVA: oo cues.) 5! = oss 13 16 - 7 11 3.3 20 
Diaphanosoma sec. . .ces sss 10 18 13 27 33 49 
hy Gortuses 55 obe OS ehh inert 35 217 184 154 174 147 
Peptodora (iets. ec ses eeeteeee 0.7 AB A esieeis es iciee 0.2 0.5 0.5 
PRE a SUIS saree sieve Bed eaerate ce cette 17 16 3.3 8.9 [ececeeee 0:5 
PURERESIPE Pe (Aisin x Kaas eaten eRe 337 2 236 | 134 167 
WROEHER coo hee kein sees Jase 6 8 ee | 1.2 1.3 4.4 
LACT O\ Ee ae] 1: aOR GE es ee 1i4 101 33 66 40 45 

Total crustacea........... 681.7 921.5 *407 .6 686.1 678.8 me 


* No nauplii included. 


The number of Cyclops when at its maximum showed sur- 
prisingly little variation. In 1895 from May 1st to June 6th, 
26 catches were made on 13 days. The catch ranged from 
10,000 to 20,000 individuals actually caught. In 1896, 18 catches 
were made on 16 days. The numbers ranged from 9,000 to 37,000. 
A figure is added (Fig. 21) showing the number of Cyclops 
caught during the year 1895. It will be seen that the diagram 
gives no warranty to the conclusion that this species appears 
in swarms. Similar illustrations could be taken from any year, 
and from almost any species, with the qualification that the range 
in number is greater in tle case of those species whose num- 


bers are small. 
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The following table gives the variations of the total number 
of the crustacea during three months of 1896. It will be seen 
the variations are somewhat,smaller than are those of the single 
species but are of a similar character, and also resemble those 
of Table XXVI. . 


TaBLeE XXVIIL—Total crustacea, May — July, 1896. 


Average. |Maximum.} Minimum, Do sles 
as 2, BAST a a 2,398 2, 966 1,615 8 
NE cts sic snap aln'si a: plain Gem oa\aini one's 1,901 2,963 SW iy 8 
PITETON SNe sate ofa' Hh s)Fio's: sicis.</ dipi aie wisieral aie a and nse 845 1,977 561 9 
LE Le Le ie a a ne 1, 265 1,908 890 9 
EE iat tsamieceicaiesaseso(, “1,314 2,332 1,005 6 
NINE Me ia en stasis ih nina d'o ps e's, e'n 795 1,266 511 11 


I think that I have given here and in the tables of the ap- 
pendix, sufficient evidence to enable the student to undertands 
the extent of the variation in the distribution of the crustacea. 
I do not know whether the figures will be interpreted as show- 
ing an equal or unequal distribution. I judge that Marsh, from 
his discussion of the subject (’97, p. 218, ff.) would regard the dis- 
tribution as irregular. 1 think that it is quite as uniform as 
Apstein would expect. For myself, I have never supposed that 
every square decimeter of the surface of the lake covered an 
equal number of crustacea. 1 have been surprised that a net 
20 cm. or 10 cm. in diameter should disclose such a uniform 
number as it actually shows, especially in the case of organisms 
so highly organized as the Entomostraca. 

On the other hand, there is clear evidence for swarms in cer- 
tain species of crustacea, and at certain times. (1) The dis- 
tribution of Daphnia pulicaria is very irregular, far more so 
than that of any of its congeners. This species in lake Men- 
dota is confined during summer to the region of the ther- 
mocline, and as this stratum works downward through the lake 
in summer, the area inhabitable by the species is contracted 
around the edge of the lake, and the crustacea as they move out 
from the shore to keep in the cool water, may accumulate in 
swarms. These have already been mentioned in connection with 
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the species. The most conspicuous case occurred in August, 
1895. On the 21st of the month the catch of Daphnia pulicaria 
was somewhat under 500; on the 22d it was nearly 2,600, and 
on the 27th it was only 85. This aggregation of the species 
was due to the wind carrying a current of warm water through 
the deeper levels at the point of dredging and so driving into 
deep water the individuals near shore, and the decline in number 
was due to the removal of the large numbers by currents rather 
than to the final scattering of the swarm. 

When a species has once aggregated in this manner, the aggre- 
gation may last for a considerable length of time; and Daphnia 
pulicaria always showed a greater range of variation in its 
numbers than did any other species, apparently due to these tem- 
perature aggregations in summer. For example, on April 18th, 
1896, at one point in the lake, 3,060 of this species was caught; 
while another catch, at a distance of some two kilometers, 
showed only 230. On December 23, 1895, two catches were 
made of 260, and 3,440 respectively. See also the lateral dis- 
tribution in Table XXVI, above, which discloses a similar want 
of uniformity. A distribution so irregular as this, it seems to 
me, fairly warrants the title of “swarm.” I may add that late 
in the spring the species become more uniformly distributed, 
and when at its maximum showed a variation of less. than three- 
fold in 10 catches, distributed over 21 days. 

(2) Apstein has found no case where a swarm has been seen. 
I have observed true swarms of Daphnia hyalina on at least three 
occasions. On October 17th, 1895, about 9 a. m. a large swarm 
of this species was seen at the surface near the dredging sta- 
tion about 800 meters from the shore. The water was perfectly 
calm, and the sun was bright. The Daphnias were aggregated 
at the surface to a depth of about 5 cm. or less and within that 
depth the water was completely filled with them. The swarm 
was about 50 meters in width, and its edges were perfectly dis- 
tinct, as the boat passed slowly in and out of it. The length of 
the swarm was probably three times the width. All of these 
animals were adult, so that they were easily seen with the naked 
eye. The occurrence was the more unusual as the bright sun 
should have kept this species well below the surface. 
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Two similar swarms of the same species were seen in 1896 on 
October 3rd, and on November 3rd; both days when the lake 
was perfectly calm. On the first occasion there was a fog ou 
the water; on the second occasion the sky was clear. 
These swarms were nearer the shore and were much more exten- 
sive. On the first occasion the Daphnias occurred in patches of 
irregular extent and shape— perhaps 10 meters by 50 meters, 
and these patches extended in a long belt parallel to the shore. 
The surface water was crowded by the Daphnias, and an im- 
mense number of perch were feeding upon them. The swarm 
was watched for more than an hour, during which the fog passed 
away, and the water could be seen disturbed by the perch along 
the shore as far as the eye could reach as one was standing in 
a boat. After a time a light breeze sprang up and, of course, 
prevented further observation. On this occasion the number 
was determined to be 1,170,000 per cu. m. in the densest part 
of the swarm. On November 3rd a similar swarm was seen, 
and water was again dipped up from the denser part of the 
swarm. The crustacea were crowded into an extremely thin 
layer, not more than 2-3 cm. thick. The surface water only 
was allowed to fall into the vessel and the number determined 
in 6 catches made by straining 10 liters of water, was from 
800,000 to 1,492,000 Daphnias per cubic meter, about 99 per 
cent. adult. In addition there were present about 1,000 Cyclops 
per cubic meter, but nothing else was found. On this occasion 
one ephippial female was present, the only one that I have ever 
seen in this species; the ephippium was fairly developed, but 
no eggs had been deposited in it. No males were in these swarms. 

The highest number is found nearly ten times the maximum 
number of this species per cubic meter, as derived from the 
three-meter hauls. It is also nearly fifty per cent. more than 
the maximum catch of this species as obtained from a depth of 
18 meters, and nearly five times as great as the average for 
November 1-15. On November 3d, catches were made below 
the swarm from 0.3m. to 3.3m. The average of two gave per 
cubic meter: 
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The average of D. hyalina in the 0-3m. level for the first half 
of November was 32,200 per cubic meter, of which at least half 
were immature, so that the catch of November 3d was not an 
exceptionally low one. These facts show that the swarm in 
question was a lateral aggregation and not merely a gathering 
at the surface of the individuals ordinarily below it. 

Great numbers of individuals broke through the surface film 
of the water on all of these occasions. 

This aggregation of Daphnia hyalina in swarms is probably 
more frequent than the number of observations would indicate. 
The swarms are found in the surface water, so that they are 
dislodged by the slightest breeze, and it is impossible to see 
them unless the water is entirely smooth. This condition isnot 
often reached, and I have felt myself exceedingly fortunate in 
being able to observe this phenomenon on so many as three oc- 
casions. I may say, however, that during the autumn of 1896, 
I looked for these swarms on every calm day when it was possi- 
ble for me to go out on the lake, but found them only twice. 

The significance of these aggregations is difficult to state. 
The habits of the animal arecompletely reversed in one respect. 
The adults are strongly negative in their relation to light, and 
under the conditions of all these occasions should have been 
found at a depth of one-half to one meter below the surface. It 
is possible that these aggregations represent the remains of 
a former sexual period. This may be indicated by the presence 
of the ephippial female. I have no doubt that Daphnia hyalina 
had at one time two sexual periods, inspring and fall, of which 
these swarms may be a remainder, but since the few males 
which appeared in the fallcame at a time decidedly later than 
the earlier of these aggregations, I do not feel warranted in 
positively interpreting the swarms in this sense. 

These swarms of Daphnia seem to be phenomena of the same 
order as those described by Francé ('94, p. 37). In one case the 
swarm was near the littora! region, as were those described by 
him. In the other cases they were well out in the limnetic re- 
gion. The swarm was confined within vertical limits even nar- 
rower than the one meter named by him and in all three cases 
the swarm was “von weitem erkennbar.” 
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While, therefore, | find swarms occasionally present, I find 
also that the crustacea of lake Mendota are in general distrib- 
uted with marked uniformity. Marsh (97, p. 220) finds an ordi- 
nary variation of ten-fold in the numbers of Diaptomus and an 
even greater variation in the case of other limuetic crustacea. 
With the exceptions already noted the range of variation in 
lake Mendota has not often exceeded four fold. The number of ob- 
servations, therefore, necessary to give a fair average for the 
population of the lake is not so great as that spoken of by Marsh. 
The examination of my records shows that the general development 
of the crustacea can perfectly well be determined by catches 
taken at intervals of a week and that the vertical distribution, 
if computed from such observations, would agree very closely 
with that reached from the very much larger number actually 
used. Of course the larger and rarer forms, like Epischura and 
Leptodora, vary in number very greatly. No one would at- 
tempt to compute the population of a lake from the presence of 
a single Leptodora in the catch, or from the occasional presence 
of half a dozen, or more, but the numbers of the crustacea which 
are the regular constituents of the limnoplankton vary within 
comparatively narrow limits in lake Mendota, and I feel confident 
that my averages fairly represent the crustacean population. 
The variation of the numbers of the crustacea in lake Mendota 
does not support extreme views either on the side of uniformity 
of distribution or the opposing theory of swarms. 

In connection with reconnoisance observations it may be well 
to remember the following: Exceptionally large catches are 
due to the presence of great numbers of young, and exception- 
ally small ones usually contain few young. A catch containing 
great numbers of young may therefore be suspected to be un- 
usually large and one with few young, if taken in summer or 
fall, to be small for the lake from which it comes. 


THE VERTICAL DISTRIBUTION OF THE CRUSTACEA. 


In making collections to determine the vertical distribution of 
the crustacea the same general method was followed as that de- 
scribed in detail in my former paper. (Birge, ’95, p. 429.) The 
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dredge was lowered to the bottom of the level from which speci- 
mens were to be taken, raised through the proper space, and 
then closed by means of a messenger sent down the line. It 
was then drawn to the surface, washed out, and the collection 
preserved for future study. 

My observations show so much variation in catches made at 
the same place and in succession that I have little confidence 
in the differential method of determining vertical distribu- 
tion; unless a very large number of observations is made and 
averaged, so as to eliminate the chance of variation in the sin- 
gle observation. See p. 281. 

The distance employed in all of my collections was three 
meters. This interval was selected because it divided the 
lake at the point of observation into six levels of uniform 
thickness, and also because of the close correspondence be- 
tween three meters and ten feet. Experience has shown that 
the distance was fortunately chosen as the number of crus- 
tacea begins to decline rapidly between 2 and 3 m. from the sur- 
face. The place of regular observation is about 850 me- 
ters from shore, where the water is about 18.5 meters in depth 
or somewhat more when the water is highest in the spring of 
the year. The greatest depth observed in the lake is between 
23 and 24 meters. The slope of the bottom in the deeper water 
is very gradual, and a depth substantially greater than 18 
meters is only reached at a considerably greater distance from 
the shore. If observations had been made in the deepest part 
of the lake, the distribution as shown in thousands per cubic 
meter would not vary from the facts as shown in the tables, nor 
would the summer percentile distribution be altered, since dur- 
ing the summer the deeper parts of the lake contain no crustacea. 
During the fall and winter months the distribution is nearly uni- 
form in the lower water. The average percentile distribution 
would, of course, be changed by the addition of one or more 
levels during winter, and the aggregations of crustacea, espe- 
cially Cyclops, which are found in the bottom levels, would 
of course, be moved from the 15-18 m. level to those lying be- 
low. Observations were made occasionally in the deeper water, 


as often as once a week during the summer and fall months; less 
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frequently during the winter. But as the observations were few 
in number in comparison with those made at the regular point 
of observation, they have not been used in the preparation of 
the tables. 

During the last half of the year 1894, 75 serial observations 
were made, 127 during 1895, and 131 during 1896. These were 
most numerous during the summer months. In general it may 
be said that on every day on which observations were made as 
stated in Table A of the appendix, a series was taken, and on 
some occasions more than one. The general distribution, of 
the observations, however, can be ascertained from the table. 
At least five were made in each two week period from the mid- 
dle of April to the middle of November. During the winter of 
1895, some observations were made by six meter intervals in 
the lower water of the lake, and the result of these observations 
was equally divided between the two levels covered by them. 

In Table B, accompanying this part of the report, the popu- 
lation of each level is given in thousands per cubic meter, the 
total population of the level being divided by three on the as- 
sumption that the crustacea are equally distributed throughout 
the level. Under some circumstances this assumption is incor- 
rect. In the 0-3 m. level, the upper meter contains more than 
one-third of the crustacea, especially when there are large 
numbers of young. It may contain twice as many as any meter 
below. On the other hand, on bright calm days, when few 
young crustacea are present, the upper meter may contain less 
than one-third of the total catch from the upper level. 

In the level which includes the region of the thermocline the 
population of the single meters varies greatly, as will be shown 
later in this paper; the crustacea being found in considerable 
numbers above this stratum and practically absent below it. A 
third error arises at times when large numbers of crustacea are 
settling to the bottom and dying. This occurs with Cyclops 
during the winter and spring, and with Daphnia hyalina in the 
early part of June. At such times the lower meter of the lower 
level would contain more than one-third of the crustacea present 
in that level. These variations from an approximately uniform dis- 
tribution are however so varying themselves that it has not been 
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thought wise to attempt to distribute the crustacea among the 
three meters of each level on any other assumption than that of 
uniform distribution. 


THE GENERAL VERTICAL DISTRIBUTION OF THE CRUSTACEA. 
Figs. 22-28, Tables B and C, Appendix. 


Winter —January, February, March. 


The months during which the lake is covered with ice show a 
great equality of distribution on the part of the crustacea. This 
is due to several facts. First, the lake is thoroughly homo- 
thermous, at least in a biological sense. Differences exceeding 
a degree between the temperature of the water at one meter from > 
the surface and at the bottom of the lake are only found in late 
winter. Second, the food has no such concentration toward the 
surface as is found in the summer, though the algae are more 
abundant in the upper strata. Third, the action of the wind 
is removed, and the influence of the sun is :greatly reduced, 
both by the snow and ice and by the low temperature of the 
water. Fourth, there is no reproduction of most species of 
crustacea and consequently no difference in age to influence dis- 
tribution. . 

A few forces act in the other way: First, the food is more 
plentiful near the surface, as the algae reproduce more abund- 
antly there. Second, when Daphnia pulicaria is present it is 
far more abundant in the upper strata of the water than below. 
Third, Cyclops often appears in swarms near the bottom of 
the lake. Fourth, If Cyclops reproduces during the winter 
the young are more numerous toward the surface. 

Tables B and C of the appendix show that during January, Feb- 
ruary, and the early part of March, 1895, there was very little dif- 
ference in the population of the four upper levels. In January of 
that year the lower strata were decidedly poorer in number than 
those above; while in the latter part of the winter they were 
the most populous, owing to the accumulation of Cyclops in 
those levels. In the winter of 1896, the 0—3 m. level was at 


least twice as populous as any below, owing to the large num- 
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0-3m Mca. APR. May. JUNE. Juty. AUvG. SEPT. Oct. Nov. DEc. 


6-9 m 


9-12 m 


12-15 m 


15-18 m 


Fic. 22.—Population of the 3 m. levels, 1895. Scale, 1 space = 100,000 crusta- 
cea. The 25,000 and 50,000 divisions are indicated. See page 387. 
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9-12 m 


12-15 m 


15-18 m 


Fic. 23.—Population of the 3 m. levels, 1896. Scale, 1 vertical space 
= 100,000 crustacea per sq. meter. See p. 387. 
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ber of Daphnia pulicaria present in that winter. The 15-18 
-m. level was the second in popuiation, except in the early part 
of January, owing again to the accumulation of Cyclops in that 
region. The middle strata of the lake were the poorest in popu- 
‘lation in both years. 

Some illustrations may be added showing the concentration of 
-the two species in question in the lower and upper water of the lake 
respectively. On February 15th, 1895, out of 870 Cyclops taken 
‘by the net, 570 were below 12 meters; on the 19th 880 out of 
1,130. On March 9th, 1,017 were found below 15 meters, out 
of a total of 1,650; 0n March 12th, 485 out of 710. This aggre- 
gation at the bottom was vot seen in January, and some few 
-catches of later date did not display it. 

In 1896 the same tendency was shown, and began as early 
as January. On the 7th of that month 1,250 Cyclops out of 
2,070 were below 12 meters, and similar catches were made 
through January and February. In March the old Cyclops were 
greatly reduced in number, aggregated only about 640 indi- 
viduals for the whole depth, and showed no tendency to col- 
‘lect at the bottom. At this time the young Cyclops were pres- 
ent, averaging over 2,000 to the catch, and the 0-3 m. level 
-contained about twice as many as any other. 

Daphnia pulicaria was absent in 1895 but was numerous in 
1896. During January and until the middle of February there 
-were at least five times as many in the 0-3 m. level as in any 
lower one. As the numbers declined in February they fell off 
-chiefly where they were the greatest and the 0-3 m. level be- 
came about twice as populous as any below. 

Thus the tables of distribution in winter for 1895 and 1896 
-show resemblances and differences. In 1895 the 0-3 m. level 
_shows no noteworthy excess over those below, while in 1896 it 
is about twice as populous. Between 65 and 70 per cent. of the 
-population of this level in 1896 are due to Daphnia pulicaria. 
‘In both years the bottom water is more populous than that at the 
‘middle of the lake, due to the settling of Cyclops. This species 
furnished from 75 to 85 per cent. of the population of the bot- 
tom level in both years. The average population per cubic 
-meter is much greater in 1896 than in 1895, especially so in 
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January; but the population fell off more rapidly in the latter 
part of that winter, and there was no very noticeable difference 
in March. 


TaBLE XXVIII.— Average percentile distribution for the winter — Jan- 
uary, February, March. 


PER CENT. IN EACH 3 M. LEVEL. 


Aver- |9_3m.| 3-6. | 6-9. | 9-12. |12-15.| 15-18. 


age No. 
A805 fc Se pS opg das a AS81387 || Tare eee 20.3. 
BGG rca Crate RCTS ey 237,000*| 34.1 | 15.7 | 14.8 | 10.8 | 10.3 13.6. 


* Chydorus omitted on account of its rapid decrease in late winter. 


Spring— April and May. 
Tables B, C, Appendix. 


The distribution of the crustacea during the first half of Apri 
is on the whole fairly equal in the different levels of the lake, 
but with irregularities which mark it as an accidental distribu-. 
tion. The ice breaks up in the first days of April, and the lake 
is consequently exposed to the action of the wind. The tem- 
perature is fairly uniform at all depths, and the algae hardly 


begin rapid multiplication much before the middle of April, 


The water at this time has a more active circulation than 
at any other, aS is shown by the presence in the net of numer-. 
ous particles of vegetable debris from the soft mud at the bot- 
tom of the lake. 

During this time Cyclops begins its rapid increase towards. 
the spring maximum, if the multiplication has not already begun 
under the ice. Its swarms of young are in the upper strata of 
the water. It may be laid down as a general rule that large 


numbers of young of any species of crustacea appear first in the 


upper levels of the water, and the animals later pass toward 
the middle of the lake; and later still, occupy the water toward. 
the bottom. It may be said, therefore, in general, that the 
presence in the upper water of a very high percentage of the. 
catch of any species indicates the beginning of a period of re- 
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production of the species, while the presence of a larger number 
in the bottom water of the lake than in the surface water indi- 
cates that the species is past its maximum and is already be- 
ginning to decline in numbers. 

In both years the numbers of crustacea in the upper water 
show an increase during April, due to the multiplication of 
Cyclops. This increase went on, as was shown in the early part 
of this paper, much more rapidly in 1896 than in 1895. As a 
result, the population both of the surface water and of the 
lower levels increased much more rapidly in 1896, and the latter 
part of April, 1896, represents about the same condition of the 
‘development of the crustacea, as does the first half of May in 
1895. In each case more than 40 per cent. of the crustacea 
were present in the upper stratum, while the 15-18 m. level 
had not increased greatly in numbers above its condition in 
winter. In the latter part of April, 1896, the 15-18 m. level 
contained less than 3 per cent. of the whole number of crustacea 
present; and in the first part of May, 1895, it contained less than 
‘7 per cent. As the number of Cyclops and Daphnia pulicaria be- 
came greater, they moved downward into the deeper water, so that 
it became relatively more populous. In the latter part of May, 
1895, the 15-18 m. level contained 10 per cent. of the crustacea, 
while in 1896 it contained over 40 per cent, This increase in 
the population of the lower strata goes on after a considerable 
‘decline has come in that of the upper strata. The lower 
water lags behind the upper both in the increase and decrease 
of its population, and the maximum population of the lower 
strata comes from two to three weeks after the maximum popu- 
lation of the lake has passed. 

These relations become more obvious if we divide the lake some- 
‘what arbitrarily into three levels, 0-3 m., 3-9 m., 9-18 m. 
The distribution of the crustacea among these three regions is 
shown in Figs. 24 and 25. By reference to these it will be 
seen that in 1895 the two upper levels increased much more 
rapidly than did the lower half of the lake from the latter part 
of April to the middle of May. In the latter part of May the 
reverse is true; and in early June the population of the lower 
water was stationary, while that of the upper half of the lake 
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was rapidly declining. In late June the population of all levels: 
declines altogether. 

This relation is even more conspicuous in the diagram for: 
1896. The population below 9 meters did not increase at all. 
until the end of April, while that of the upper levels increased: 
several fold, the 0-3 m. level growing more rapidly than thati 
below. In the first half of May the lower half of the lake- 
gained absolutely more than either of the levels above, its gains. 
per cubic meter being about half as great as those of the upper 
water. In the last of May the levels below 12 meters continued: 
to gain, while the 9-12 m. level was approximately stationary,. 
and the upper strata fell off rapidly and about equally. At this- 
time the lower half of the lake contained nearly 40 per cent. of* 
the total number of crustacea, nearly equally distributed, while: 
the upper three meters contained only about 28 per cent. In« 
early June all the strata below the 0-3 m. level lost heavily,. 
owing to the disappearance of the spring broods of Cyclops 
and D. pulicaria; while the 0-3 m. level remained approx-- 
imately stationary, the new broods of Chydorus and Diaptomus,. 
which appeared in that level, compensating for the decline in 
other species. The result of this decline in the population 
of the lower water serves to give the 0-3 m. stratum over 50: 
per cent. of the whole population, and the number in this level 
continues between 45 and 50 per cent. during the remainder of. 


the summer. 


Summer — From the middle of June to the middle of September.. 


The change from the late spring to the early summer has just: 
been spoken of. The most important fact influencing the ver-- 
tical distribution at this time is the formation of the thermo- 
cline, and the accompanying exclusion of the crustacea from the 
lower waters of the lake, and ultimately from the entire region 
below the thermocline. The thermocline was observed in each year~ 
about the middle of June — June 11th, 1895, June 13th, 1896 — 
and was present regularly afterward. The depopulation of the 
lower waters does not coincide with these dates, as will be seen. 
from the tables. This would be expected since the exclusion of the: 
crustacea is due to the chemical condition of the lower water,,. 
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resulting from the temperature conditions. In both years the pop- 
ulation of the lower half of the lake in the latter part of June 
is equal to or greater than that in the same region in the early 
or even the latter part of April. The population of the 9-12 m. 
level remained substantially stationary until the middle of June, 
1895, and the same was true of this level and the level below 
until the middle of July, 1896. In June, 1895, the population 
of the bottom level was high, owing to the accumulation there 
of large numbers of diseased and dying Daphnia hyalina; but 
as soon as these had died, the numbers rapidly fell off, and the 
population in the 15-18 m. level was very small in the first half 
of July. 

In 1894, observations begun with the Ist of July, and at that: 
time the population below 9m. was extremely small, far smaller 
than in either of the succeeding years. At that time the 
temperature conditions below the surface were not observed, 
but it is fair to infer that the thermocline was established at a. 
comparatively early date in that year. A second fact which 
influenced the distribution in 1894 is the unusual preponder- 
ance of Diaptomus among the crustacea in that year. A very 
high percentage of this species is found at all times in the up- 
per water, while Cyclops, whose per cent. in the lower water is 
greater than that of any other species, was represented by very 
small numbers. 

During July the population of the waters below 9 m. declines. 
very rapidly, as will be seen from the table which gives the 
population of the lower water during the months of June, July and 
August. . 

TABLE XXIX.—Population per cubic meter. 


1895. 1896. 
9-12 m. | 12-15 m. | 15-18 m. |} 9-12 m. | 12-15 m. | 15-18 m. 


ee ee Oe 


AUMG AVG, os) lacie vnecevc eo. --| | 45,000 36, 000 46,600 24, 000 12, 600 30, 600 


SMHC 16-30 vo oa ee cc ewes voces | 13,300 9, 200 17,500 24, 200 18, 800 15, 000 
PORE oes oencke vaate.iee| 14,200 4,200 2, 200 25, 1C0 20, 900 2,600 
PUIG CAL fone one noes sess et 20,900 2, 100 1, 400 9, 700 700 300 
BME USH ENON. 2cciais sass. seen |) 2a, 000 4,100 600 11, 200 1, 200 20 


PMEIBS DOE 3.4: 20)siu)e 0) 00)eldieeeies 32, 700 3, 500 550 49, 600 6, 900 500 
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While the absolute population of the lake during the summer 
months has varied very greatly in the three years of my obser- 
vation, the vertical distribution of the animals has been almost 
exactly the same, as may be seen from the following table: 


TABLE XXX.—Average percentile distribution of crustacea June 15-Sept. 
15. (In 1894, July 7-Aug. 23.) 


| 


| PER CENT. IN EACH 3M. LEVEL. 
Average No. 


0-3m. 3-6. 6-9. . 9-12. 12-15.' 15-138. 


1894...... .406,000 Une 30.2 |. 16.0 6.7 1.3 0.4 
1895... ....707, 000 44.0 24.6 18.4 8.9 | oe 1.9 


TSOG os 1, 116, 0CO 45.1 27.5 14.9 Tad 3.4 1.2 


From this it appears that from 44 to 45.5 per cent. of the 
erustacea were present in the upper three meters of the lake 
from the middle of June to the middle of September, and from 
25 to 30 per cent. more between 3 and 6 meters, from 15 to 18 


between 6 and 9 meters, leaving from 8.5 to 13 per cent. for the 


lower half of the lake. 

The percentile distribution of the crustacea during the summer 
and its relation to the thermocline are shown in Figs. 26 and 27. In 
each diagram the depth is computed above which were found in each 

half month, respectively 25, 50, 75, 90, and 95 percent. of the 
erustacea, on the assumption that the crustacea in each of the 
3m. levels were equally distributed through it. The points repre- 

senting the depths for the corresponding percentages were 
platted on the diagram and then connected by lines. There is 
added in each diagram the position of the isotherm of 20° 
which lay in the thermocline in both years, although in 1896 
the lake cooled below 20° before the thermocline disappeared. 
In Fig. 26, the temperature for each date was computed from 
the average of the week preceding and that following the date. 
The temperature-line of Fig. 27 is taken from Fig. 4. 

The diagrams show that 25 per cent. of the crustacea are al- 

most always found in the upper two meters of the lake. No 

doubt the position of this line would be higher if it had been 
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possible to indicate the real concentration of the crustacea in 
the upper meter. During May the percentage lines all moved 
downward, owing to the downward movement of Cyclops during 
that month, as its numbers rose to their maximum. The move- 
ment extends into June, 1895; while in the early part of June, 
1896, the center of population moved upward more than 3 
meters, owing to the earlier death of the spring broods of Cy- 
clops in that year. The center of population then remains close 
to the three meter line until the middle of August. In late 
June and early July of both years there is a rapid decrease of 
numbers in the lower levels of the lake. The 90 and 95 per 
cent. lines reach the level of the thermocline early in July, and 
they remain there through July, August, and early September, 
closely following the thermocline as it moves downward through 
the water. The center of population, which rernains for some 
time near the 3 m. level, moves downward rapidiy in September, 
and reaches a depth between 7 and 8 meters in October. If the 
crustacea were uniformly distributed throughout the lake it 
should lie at 9 meters. The 90 per cent. level was as high as 
$m. in July and August, 1896; and between 9 and 10.m in 1895, 
but moves downward to about 16m. in October. 

This practical exclusion of plant and animal life from the 
lower water during summer is a factor of great importance in 
the life of the lake, as the following considerations show: First, 
during this period the number of crustacea and the quantity of 
the plankton is independent of the depth of the water below 
the level which the thermocline has reached. Second, the ex- 
clusion from the lower water of species unfavorably affected by 
warmth prevents their appearance in the plankton or causes 
them to decline during the summer, while in the other lakes in 
which the deeper water is inhabitable their numbers may go on 
multiplying. This is pre-eminently true of Daphnia pulicaria, 
whose numbers are small in lake Mendota during the summer, 
while in many of the Oconomowoc lakes it is abundant during 
the same period and inhabits the entire depth of the lakes below 
the thermocline. The summer decline of Cyclops brevispinosus 
may also be due to the same cause. Third, the total number of 


the crustacea during the summer is far smaller than it would 
25 
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be if the deeper water could be utilized. It is not impossible 
also that one factor in determining the small number of the 
periodic species of crustacea in lake Mendota may be in the fact 
that the upper water is so completely occupied by the perennial 
forms as to leave little chance for the development of other 
species. Fourth, the crustacea are not excluded from the deeper 
water of the lake by the low temperature of the water, as is 
proved by the occurrence of the same species in the far colder 
water of other lakes in the same district. The exclusion is due 
to the accumulation of the products of decomposition in the 
lower water, which remains entirely stagnant after the thermo- 
cline has been formed and is never exposed to the action of sun 
and air. This water in lake Mendota acquires an offensive smell 
and a disagreeable taste, though in neither respect does it go 
as far as certain waters mentioned by the Massachusetts Board 
of Health (Drown, ’90, p. 553.) It is always clear and bright 
to the eye. 

The products of decomposition of the algae and crustacea of 
winter and spring remain stored in the deeper water, and un- 
doubtedly the adaition of this store of nutritive material to the 
water of the lake as the thermocline gradually moves downward 
is one of the factors which occasions the enormous increase of 
the vegetable plankton in the late summer and autumn. 


Autumn— October, November, and December. 


The summer conditions of distribution end with the breaking 
of the thermocline and the resulting establishment of the fall 
homothermous period. This occurs at different times in different, 
years. The date depends on: First, The rapidity of cooling 
of the surface; Second, The summer temperature of the bottom ;, 
Third, The amount and direction of the winds, especially’of gales. 
In 1895 and 1896, the “turn over” came in the last week of Sep- 
tember ; in 1894 the distribution of the crustacea shows that it did 
not come until the first week of October, and it was equally late 
in 1897. In the year 1894 no observations were made in the first. 
half of September, but the distribution in the latter part of 
September of that year closely resembles that in the early part. 


ee 
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of the month in 1895, and in the latter part of August, 1896. 
The distribution in the first half of October, 1894, is not very 
different from that two or three weeks earlier in the preceding 
years. ~ 

The leading general feature of distribution during the late 
summer and autumn is the progressive occupation by the crus- 
tacea of the deeper strata of the lake as the thermocline moves 
downward through August and September, and the coincident rise 
in number of the erustacea toward the fall maximum. It is a fact 
which was wholly unexpected by me that the 0-3 m. level shows 
little or no increase in the number of its crustacea after the 
early summer maximum in early June or late July. In 1895 its 
numbers steadily declined, or at best were stationary, after 
July 15th. (See Figs. 22,23.) In 1896 there was considerable 
variation in numbers, but on the whole there was no increase 
except a sharp temporary rise in late October, due to the occur- 
rence of great swarms of young Daphnia hyalina at that time. In 
1894 the numbers in the upper level rose in the autumn, as 
would be expected, since they were at an abnormally low level 
in July, owing to the peculiar condition of the vegetation of 
the lake in that year. 

The crustacea between 3 and 9 meters show also the same re- 
lation in their summer and autumn numbers; while those below 9 
meters show a great increase, beginning in the 9-12 m. level, 
as the thermocline moves downward through it in August. 
The increase steadily proceeds to the the lower levels of the 
lake. Itis very rapid in September and early October, and 
continues until the storms of late October, when the popula- 
tion decreases in all levels of the water. This result is the sum 
from 5 to 7 species of crustacea, and of course it does not hold 
accurately for each species. It is also true that since the 
broods of young appear in the upper level, they may temporarily 
increase the number of a species there, but this excess of one 
species is balanced by a deficiency in another, and often for the 
single species the semi-monthly averages agree pretty well with 
the general law. 

A good example of the effect of age upon distribution can be 
seen from the case of Daphnia hyalina in the latter part of Oc- 
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tober, 1896, when great numbers of young appeared on several 
occasions, and when the old animals were nearly all full grown, 
so that there were very few half developed individuals. This is 
given on p. 398. 

During November and December the population of the lake 
falls off pretty uniformly in all levels, more rapidly in Novem - 
ber than later, and at this time the distribution of the animals 
may be more even than at any other period. If Daphnia puli- 
caria is present itrises toward the surface in December and in- 
creases the population of the upper strata. This occurred in 
1895. In all years the distribution in November is more uni- 
form than that of December, in which month the population of 
the lower levels of the lake seem to decline more rapidly than 
that of the upper stratum. 


TaBLE XXXI.—Average percentile distribution Oct. 1—Dee. 81. 


PER CENT. IN EACH 3 M. LEVEL. 


Average 
> 0-3 m.| 3-6. 6-9. | 9-12. | #2295) | Seo 
TC eRe nae Mee Aaak 595, 000 25.8 18.8 16.0 15.7 14.0 9.8 
ASG Mao eG) “...| 436,000 29.7 18.3 14.3 14.9 12.2 10.6 
hae ger ptickaians 759, 000 25.9 21.0 15.3 13.9 12.4 11.4 


Figures 22 and 23 represent the total population of each of 
the 6 levels into which the lake was divided. The scale is 
100,000 crustacea to each vertical interval. If the scale be di- 
vided by 3 the same diagrams will serve to show the population 
of each level per cubic meter. The relations of the increase 
and decrease of the population in the several levels are shown 
very plainly from these diagrams. For instance in 1895 it will 
be seen that while the two upper levels began to increase dur- 
ing the latter part of April, the population of the lower levels 
scarcely changed from the winter condition until about the first 
of May. The population of the three upper levels reached its 
maximum in the latter part of May, while in the lower part of 
the lake the population went on increasing, or at least remained 
stationary, until near the middle of June. The 6-9 m. level 


we eg 
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hardly shared in the rise to the early summer maximum until 
two weeks after the 0-3 m. level, while in the lower part of the 
lake the population declined, or remained stationary throughout 
July. In August the crustacea of the 9-12 m. level increased in 
number as the thermocline moved downward into that level, 
while no increase was perceptible in the population of the lake 
below 12 m. until after the middle of September; after which 
date the numbers rapidly increased. : 

No increase of population was seen in the upper levels of the 
lake after the month of July; and if this diagram is compared 
with Fig. 6 which shows the changes in the total population of 
the lake, it will be seen that the autumnal maximum, which is 
clearly indicated, comes entirely from the increase of population 
in the lower water of the lake. 

The same general facts appear in the diagram for 1896, but, 
if possible, in a form evenmore striking. The 0-3 m. and 3-6 m. 
levels follow each other closely, while the spring increase in 
population comes later in the lower levels of the lake. In the 
9-12 m. level the population remains stationary during May, 
when that of the upper levels is rapidly falling, and at the 
same time the crustacea in the water below 12 m. are increas- 
ing in number; more rapidly in proportion to increased depth. 
In the 0-3 m. level at the first of June the population was sub- 
stantially stationary, while that in the water below was falling 
rapidly. This condition was brought about by the new broods 
of Chydorus, which nearly made up for the loss in numbers of 
other species. 

In 1896 the thermocline moved downward much more rapidly 
than in the preceding year and as a result of this movement, 
the crustacea in the lower water began to increase in numbers 
at an earlier date. (See Figs. 3, 4, 26, 27.) A marked increase 
occurs in August in the 9-12 m. level and begins about two 
weeks later in the levels below. Asin 1895, so also in 1896, the 
fall maximum is caused by the increase in the population of the 
lower water, with the exception that in late October of 1896 
there was a great increase in the number of the crustacea in the 
0-3 m. level, due to the appearance of great broods of D. hyalina 
at this time. These soon disappeared, so that the crustacea in 
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this level fell off in number even more rapidly than they had in- 
creased — so rapidly, indeed, that no effect was produced by 
these broods upon the population of the water below 3 m., ex- 
cept perhaps to check in some degree the rate of decrease 
toward the winter minimum. There was also a small rise in 
December in the 0-3 m. level, caused by the increase of D. 
pulicaria. 


It would seem from these facts that there is a maximum pop- 


ulation per cubic meter beyond which the crustacea are unable 


to multiply and which differs in different seasons. It is difficult 
to see what it is that sets alimit to this population in the 
autumn. At this time the food is in enormous abundance as 
compared with the number of the crustacea, and it would be 
expected that the numbers in all levels of the lake would in- 
crease together. I am quite unable to give a reason for their 
failure to do so, but the fact recurred exactly in all three years 
of my observations, making allowance for the peculiar condi- 
tions in the early summer of 1894. 

Fig. 28 represents the average percentile vertical distribu- 
tion of the crustacea for Oct. 1-15, 1896, March 1-15, 1895, 
August 1-15, 1896. The corresponding figures are given in 
Table C, appendix. In the diagram each horizontal space rep- 
resents 10 per cent. of the crustacea and each vertical space, 3 
m. On each 3 m. line is platted the percentage of crustacea 
found below it, and these points are connected by a line which 
extends from 100 per cent. at the surface to 0 at the bottom. 
From the intersection of these curves with the vertical lines can 
be seen approximately the percentage of the crustacea above 
and below the depth indicated at the intersection. If the dis- 
tribution were uniform there would be 16.6 per cent. in each 
vertical space and the percentile distribution would be marked 
by a straight line running from corner to corner of the diagram. 
The curve for October approximates very closely to this, the 
percentage being larger in the surface stratum and somewhat 
smaller below 12 m., but, in general, the line lies very closely 
parallel to the diagonal. The distribution for March is almost 
equally uniform, but here the bottom level has an excess, due 
to Cyclops, and the 0-3 m. level is slightly below the average. 
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Fic. 28.—Percentile vertical distribution of crustacea, March 1-15, 


1895; 


August 1-15, 1896; October 1-15, 1896. See p. 390. 
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In October the distribution of all of the species of crustacea is 
approximately equal. In the winter the equality of distribution 
is brought about by the excess of Daphnia and Diaptomus in 
the upper strata, nearly balancing the excess of Cyclops near 
the bottom. (See Fig. 30.) The curve for August shows a 
very large percentage in the upper 3 meters and a very small 
number in the lower water. It is a characteristic distribution 
for middle summer. 


THE VERTICAL DISTRIBUTION OF THE INDIVIDUAL SPECIES. 


After this full discussion of the vertical distribution of the 
total crustacean population I do not intend to describe that of | 
the individual species in similar detail, but I shall confine my- 
self to pointing out the individual peculiarities of each species, 
devoting more space to those which depart in a marked way 
from the average vertical distribution. One general law holds 
for nearly all the species, as already stated: the broods of young 
appear first in the upper water of the lake and the increase of 
population extends downward, becoming approximately uniform 
at all depths as the species reaches its maximum, and later in 
its life becoming more numerous in the deeper water of the 
lake. To the first part of this rule the only exception is Daph- 
nia pulicaria during summer. There are, however, several fac- 
tors which prevent the full carrying out of the latter part of the 
rule. The most important of these is the formation of the ther- 
mocline, by which all of the crustacean life is confined to the 
upper waters of the lake during that period when the develop- 
ment of several species is going on actively. In the late au- 
tumn also the numbers of the crustacea decline so rapidly after 
the fall broods appear that it is not easy to find any accumula- 
tion at any low level of the lake. The downward movement of 
the older forms is shown most clearly by Cyclops and Daphnia 
hyalina during the spring, and by the accumulation of Cyclops 
in the deeper water of the lake during the winter, by the dis- 
appearance of D. hyalina and D. retrocurva in autumn. Sim- 
ilar, though less striking, illustrations can be found in all of the 
species of limnetic crustacea. 
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Each species of crustacea, also, has individual peculiarities of 
distribution, which recur from year to year with surprising 
similarity and which are independent of the absolute number 
present. These peculiarities appear when the average of any 
species is taken, although of course it is entirely possible that 
the distribution should depart widely from this average at any 
single observation. In general it may be said that the summer 
distribution of the crustacea follows very closely the figures 
which are given in my former paper (Birge, 95), and that the 
variations in the distribution which have been found during the 
two years and a half succeeding the observations reported in 


that paper, have been of the same type and in general of the, 


same degree as those which were found during the single month 
of our first study. It seems to me, therefore, unnecessary to 
point out again these variations in detail for each species. 

In order to show the resemblances and differences in the per- 
centile distribution of the crustacea during the summer months, 
when their numbers are great and the distribution is most 
characteristic, I have averaged this distribution for the 
summers of three years: 1894, 1895, 1896. I have included the 
three standard representatives of the limnetic crustacea which 
are regularly present in full numbers during this time; Diap- 
tomus, Cyclops, D. hyalina. The period included is from the mid- 
dle of June to the middle of September, in 1895 and 1896; and 
July and August of 1894. It will be remembered that no ob- 
servations were taken in 1894 before July or during the first 
part of September, but as the summer conditions were thor- 
oughly established at the first of July of that year and contin- 
ued until the first of October no noteworthy difference would 
appear in the averages had it been possible to extend the period. 
It will be seen from these averages that the distribution of Cy- 


clops in the three years in question varies surprisingly little; — 


the percentile difference in the 0-3 m. level being less than 
1.5. This close correspondence in distribution exists in spite 
of the fact that the numbers of the genus were very different 
in the three years. The same general agreement is seen in 
the tables of semi-monthly distribution. Compare July, 1894 
and 1896 in Table C, Appendix. 
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TABLE XXXII — Percentile distribution. Summer—Diaptomus. 


PER CENT. IN EACH 3 M. LEVEL. 


145, 000 44.7 22.2 16.1 a ey 4.7 1.3 
J 


Average 
No. 
0-3 m 3-6 6-9 9-12 | 12-15 | 15-18 
wl ee Sa A 2G (aii Atal aE aa Manan ales asl ieell Wyintin Fei wee Mota cs: 
BE ne se sa ices 226, 000 49.2 | 29.3 16.6 Ae 0.5 0.3 
MSS ares ow aie neal st 172, 000 42.7 29.0 20.9 6.1 0.7 0.6 
1896.........---.-- 188, 000 52.6 24: 12.4 5.9 1.9 0.5 
Cyclops. 
1 Oe) Se 138, 000 | 40.7 28.4 20.1 | 9.4 | ibey! | 0.3 
1 Oe a oe 183, 000 : 39.3 aie ye 19.0 10.0 ell 3.4 
RR se, | 290, 000 | 40.2 27.1 15.6 10.1 | 4.8 2.3 
Daphnia hyalina. 
if 

COTES ike ee | 27,000 41.9 23.8 21.4 2654 1.0 0.3 
TES See ne eee 210, 000 52.3 20.8 17.6 6.6 133 12, 
SOG coe ced wees 


The variations in the distribution of Diaptomus are greater, 
although its numbers were more nearly constant, but in each 
year the same characteristics are shown. The percentage of the 
population found below the middle of the lake is 7.5 or less, 
while in the case of Cyclops the number ranges from 11.5 to 
more than 17 per cent. Daphnia hyalina also varies more in 
the upper strata, but is in general intermediate in its distribu- 
tion between the other two genera. The older individuals of 
Daphnia hyalina are much more apt to accumulate in the lower 
part of the water accessible to them than is the case with Diap- 
tomus, and consequently the lower levels are apt to contain a 
larger percentage of this species, On the other hand the spe- 
cies does not extend to the thermocline in numbers anything 
like as great proportionately as does Cyclops, so that the lower 
part of the inhabited water always contains a larger proportion 
of Cyclops than of any other species. 

The vertical distribution of Daphnia hyalina, therefore, dif- 
fers very considerably in different years. If the species is pres- 
ent in large numbers and the young are constantly appearing, a 
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very large percentage of the population is found in the upper 
level of the lake and even in the upper meter. This was the 


case during the summer of 1895, when this species was the 


dominant member of the limnetic crustacea throughout the en- 
tire summer. Under these circumstances its vertical distribu- 
tion approximates very closely to that of Diaptomus. On the 
other hand, if the species is declining and the young appear in 
small numbers, there is a much larger proportion of the species 
in the lower levels of the lake. This was the case in 1896. In 
August of that year the numbers of Daphnia rapidly declined, 
so that in the latter part of the month there were present less 
than half as many as in the latter part of July, and in connec- 
tion with this decline the population of the three upper levels 
was nearly equal. In this year the vertical distribution of 
Daphnia hyalina approximated very closely to that of Cyclops. 

The vertical distribution of D. hyalina illustrates very strik- 
ingly the dependence of distribution on specific habit rather 
than on number. | 

The illustration given in my former paper (Birge, ’95, plate 
VIII) fairly illustrates the characteristic differences in the sum- 
mer distribution of the different genera, and the percentage 
diagram, Fig. 29, given herewith indicates the difference in dis- 
tribution during the summer of 1896. | 


Diaptomus Oregonensis Lill}. 
Figure 29 —Table D, Appendix. 


In general Diapiomus is more abundant in the upper strata 
of the lake than in the lower at all seasons of the year. There 
is rarely less than 70 per cent. of the species in the upper half 
of the lake even in the winter, and the only times when the 
average distribution approaches equality are in late fall and at 
the period of the minimum numbers of the species in the latter 
part of April, or early in May. The other extreme of distribu- 


tion is reached when the new broods appear and as their appear-— 


ance is somewhat irregular the distribution is correspondingly 
variable. The maximum average number in the 0-3 m. level 
was reached in the latter half of May, 1895, where the average 
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was 61.5 per cent.; and in June, 1896, where the average for 
the whole month was 69 per cent. Hach of these numbers is 
higher than the average for July, 1894, which was less than 53 
per cent., and higher than the highest average per cent. for any 
period of July, 1894, which was 63 per cent. in the second period. 
The variations which are found in the percentile distribution are 
substantially like those which are recorded in my former paper. 
«Birge, ’95, p. 455.) In no case do the older individuals of this 
Species show a tendency to accumulate in the deeper water of 
the lake but as the broods which appear in the spring, or later, 
become older and the water becomes more crowded, they migrate 
progressively into the deeper levels, but appear to prefer to 
‘stay near the surface. 

Marsh (97, p. 194) finds that the vertical distribution of Di- 
aptomus in Green lake is uniform throughout the year. This 
is entirely different from the facts as I find them, since the up- 
per three meters in summer contain more than twice as many 
of the species as they doin winter. Apstein (’96, p. 80) finds that 
Diaptomus was chiefly in the deep water from January to April. 
Here again his observations differ from mine, since there was 
hardly a trace of a descent of the species in lake Mendota. 
Apstein thinks that this descent in winter on the part of Diap- 
tomus and Cyclops may be due to their desire to seek the 
warmer water at the bottom of the lake. This motive cannot 
hold in the case of lake Mendota, where the temperature of the 
water is almost the same at all depths during the winter. The 
aggregations of Cyclops in the deeper water are apparently com- 
posed of feeble individuals, which do not rise again to the sur- 


face. 
Cyclops. 


Figures 29, 30.—Table E, Appendix. 


Of all the limnetic crustacea Cyclops seems to be most inde- 
pendent of external influences in its vertical distribution. The 
maximum percentage in the upper levels is reached when the 
‘spring or summer broods appear. While the absolute numbers 
-of these brvods in the spring are much greater than in summer, 
multiplication goes on so rapidly in May that the animals are 
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quickly forced to move toward the deeper water of the lake, 
and, since the entire lake is accessible to them in spring, there 
rarely occurs as great a percentage in the upper stratum as is. 
the case in summer. The highest average per cent. in the 0-3 
m. level, reached in the spring of 1895, was 42.7 in the first 
part of May; and 35 per cent. was the average in the latter 
part of April, 1896. In July of each year the percentage in the 
upper stratum rose to about 50, owing to the coincidence of 
swarms of young in the upper water while the lower strata con- 
tained a very scanty population. The fall rise in numbers does 
not cause any noteworthy increase in the percentage in the 
upper strata, since at this time the entire lake is accessible to 
the animals and food is abundant at all levels, and the autumnal 
gales aid to distribute the species through the lake. 

In the winter there is a strong tendency of Cyclops toward 
the bottom and as many as 50 per cent. may be found in the 
lower three meters, and as many as 70 per cent. in the lower 
six meters of the lake. Illustrations are given on page 379. 
Since many of the older representatives of the species die during 
the winter and the new individuals appear towards spring in 
the upper water, the population of the lower levels decreases in 
the early spring, both absolutely and relatively. Diagram 30: 
shows the percentile distribution of Cyclops in the first part of 
March, 1895, and in the latter part of July of the same year, in 
which the extremes of its distribution were found. 

The spring broods of Cyclops show exceedingly well the progres- 
sive occupation of the water of the lake by the increasing num- 
bers of the species; the way in which the numbers of a declin- 
ing species disappear first from the upper waters of the lake, 
where they first appeared; and the equality of distribution 
during the decline. The following table shows the spring history 
of Cyclops during 1896. The story for 1895 would be substan- 
tially the same. 
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TaBLE XX XIII.— Cyclops, 1896. Number per cubic meter stated in thou- 


sands. 

Depth, meters. 0-3. 3-6. 6-9. 9-12. 12-15. 15-18. 
Mari t05) 2 2... 17.2 11.7 18.9 20.3 12.8 15.0 
april 16-30.... 2... 109.4. 84.1 52.5 28.8 18.8 9.6 
MaydA5 :...--5... 190.2 124.9 117.4 84.5 52.9 42.7 
May. 16-31......... 37.0 37.3 34.3 35.2 42.1 64.8 
Wane il-15 ......... 2 c20h5 13.7 7.6 6.7 5.7 14.1 
June 16-30 ........ 59.2 32.4 17.9 13.4 6.7 9.5 


Marsh (’97, p. 204) finds that Cyclops fluviatilis is present in 
great numbers near the surface. Its distribution, therefore, 
agrees more nearly with that of Diaptomus than it does with 
C. brevispinosus. The latter species is present in Green lake 
in very small numbers apparently in and below the thermocline 
in summer. 


Daphnia hyalina. 
Figure 29.— Table F, Appendix. 


There are two facts which give the peculiarities of vertical 
distribution of Daphnia hyalina and the allied species D. retro- 
curva. These are: First, a decided tendency of the young 
animals to accumulate in the superficial strata of the water, 
frequently in the upper meter. Second, a tendency on the part 
of the older animals to settle toward the bottom. These species, 
therefore, show a very high percentage in the upper levels of 
the lake in periods when they are increasing, and especially at 
those times when the’ broods of young appear. On the other 
hand, when the species is declining in numbers, and in the in- 
tervals between the appearance of broods, the distribution may 
be comparatively equal throughout that part of the lake inhab~ 
ited by the species. As examples, compare the table on page 
398, and the detailed figures of Table F, Appendix. 

The percentage in the upper level rarely falls below 25, even 
in the winter. In May, when the spring broods appear, the 
average number in the 0-3m. level ranges from 45 to 55 per 
cent., and the same ratio is found during the summer when the 
species is increasing in numbers. On the other hand, when the 
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Species declines in numbers, as it sometimes does in August, | 


the percentage in the lower levels may be nearly, or quite, as 
great as in the 0-3 m. level. (See August, 1896.) At the time of 
the fall maximum great numbers of young often appear at once. 
At this time the brood sacs of the females contain from five to nine 
eggs. There are very few half-grown animals, and the eggs 
may all hatch in the course of a week. At such a time itis not 
difficult to determine the difference in distribution of the young 
and old, and the following tables show these relations in the 
latter part of October, 1896: 


TABLE XXXIV.—Daphnia hyalina, per cubic meter. 


OcTOBER 26, NOON. OcTOBER 27,8 A. M. 
DEPTH. Sn nn i | 

Young. Adult. Young. Adult. 
QS aa ey eee rkete a aps lls amare eral et re WaT 122, 200 0 30, 400 1,200 
Ble operat, ab aus cha inch ne Noo eh ee eer ceane ti 27, 500 250 13, 300 760 
ECR, eS cai MAN ga Ne rt A 15, 800 380 1,900 6,300 
Aer esinre Cee Gein tarinvers eos SAAT aR arene 1,600 4,100 2,500 3, 800 

Bier Whny tote in even eran lame Mead oem anes ates 0 2,500 2,500 8, 900 


MISTS ch erase Mach ees Wee oe Sukyecletem ok poll maleate lek 950 1,300 19, 000 


After the production of the young in late October or early 
November, the old females die off rapidly; some few remaining 
as late as the first of January. In the latter part of May, or 
the early part of June, according to the progress of the sea- 
son, those individuals that have lived over winter become weak, 
are attacked by various diseases, caused by fungi, bacteria, and 
microsporidia, settle toward the bottom of the lake and die. 
This downward movement of the older and weaker individuals 
causes an increase of the number in the lower part of the lake, 
which was quite conspicuous in June, 1895, and in the latter 
part of May, 1896. 

Shortly after this date the crustacea begin to disappear en- 
tirely from the lower water, and during the remainder of the 
summer the life of the species goes on, like that of the other 
crustacea, in the region above the thermocline. 

The vertical distribution of this species does not appear to 
have been carefully studied by other authors. 
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Duphnia pulicaria. 


Figures 30-32.— Table G, Appendix. 


The vertical distribution of this species is so peculiar that it 
demands a somewhat more detailed account than has been given 
to the other species. The history of the species begins or- 
dinarily in the early part of July of the odd numbered years. 
During the first part of July it has been present only in very 
small numbers, but in the second part of July, 1895, its numbers 
were so large that it appears in the lists. At that time more 


than 50 per cent. of the species was found between 6 and 9 


meters, in the region of the thermocline, and nearly all of the 
remainder was found between 9 and 15 meters. In August the 
Species moved downward, following the downward movement of 
the thermocline, and continued in this position until the coming 
on of the autumnal homothermous period in late September and 
October. During October the species was distributed with 
approximate uniformity through the water of the lake. In 
November, as the lake cooled, the animals began to move toward 
the surface, and in late November and December a period of 
active reproduction began. The young animals were found in 
the upper level of the lake, most numerously in the upper meter, 
and as the result of this distribution, the numbers in the upper 
level were far greater than those ir any other portion of the 
lake. This relation continued throughout the winter of 1895-96, 
during which time reproduction also continued, although more 
slowly, until in March and the early part of April reproduction 
nearly ceased and the numbers of the species declined somewhat 
rapidly. At this time the distribution was uniform, or such 
irregularities as were present seemed to be accidental. In the 
latter part of April the spring period of reproduction began 
and an enormous number of young were produced in the upper 
water. At this time as many as 80-85 per cent. of the species 
were found in the upper level; a larger proportion than has 
been found there of any other species except Chydorus. In the 
early part of May a reproductive pause occurred, during which 
the animals were pretty evenly distributed through the water, 
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the largest number being found in the bottom stratum. A 
second reproductive period came on in the latter part of May, 


in which the upper water was again crowded, although the 


numbers increased so rapidly that the population of all the 
upper levels of the lake was greatly increased. During the 
early part of June the distribution became once more equal, 
with the largest number again in the bottom level, and during 
the latter part of the month the population rapidly declined, 
falling off most in the upper levels. At this time more than 60 


per cent. of the species was found below the 12 m. level and 


less than 2 per cent. in the upper level. 

Late in June the species began to move away from the bot- 
tom water, or perhaps it would be more correct to say that 
the individuals at the bottom of the lake died off more rapidly 
than those in the levels immediately above, so that in the early 
part of July nearly 60 per cent. of the species was between 12 
and 15 meters and only 6.5 between 15 and 18 meters. As the 
Species declined in numbers the decline took place chiefly in the 
lower levels of the lake, so that in July and August the few 
representatives of the species that were left were concentrated 
in the region of the thermocline, thus occupying the same posi- 
tion that they had held in the corresponding months of the pre- 
ceding year. The following table shows the numerical relations. 


TABLE XXXV.— D. pulicaria, 1896. Population per cu. m.of each 
level stated in thousands. 


Depth, meter. .... 0-3 3-6 6-9 9-12 12-15 15-18 
April 1-15. '"......: 1.0 1.5 3.2 2.5 1.3 0.6 
April 16-20». ...... 41.6 5.2 0.4 0.7 0.9 0.2 
May 1215).5) 0.24533 10.4 12.8 15.5 9:2 13 3 17.8 
May 16-31......... 55.4 33.7 37.4 28.8 19.8 23.4 
PUNE IAG. ncheies vias 10.3 5.9 3.8 12.5 5.9 10.9 
June 16-30....55..... 0.4 1.5 2.8 3.7 10.9 4.4 
MUL BED ee Soi sei[ oc mateers oat ale 0.1 1.1 3.5 13 0.8 
July 16-315: 2... | Aer e cbannone | BY ne one 3.2 1 0.1 0.1 


Fig. 31 shows the movement of D. pulicaria during the late 


summer and autumn of 1895. Points were established indicat- 
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Fia. 30.—Cyclops, March and July, 1896; D. pulicaria, August, 
1895, and April, 1896. See pp. 396, 399. — 
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ing the level below which the respective percentages of the 
species were found and these were connected by lines. The dis- 
tribution is based on assumption that the individuals of the 
species were uniformly distributed throughout the 3m. level in 
which they were found. This assumption is peculiarly incorrect 
for D. pulicaria, since the species is limited to the region of the 
thermocline. It is often confined within a space of 1 meter, 
or even less, yet it often passes beyond these narrow lim- 
its, aS is indicated by the fact that not inconsiderable numbers 
may be found in two or even three levels. While, therefore, the 
diagram spreads out the distribution of the species during the 
summer more than is correct, the general relations are well 
enough indicated by its lines. It will be seen that in the latter 
part of August more than 65 per cent. of the species was found 
between 9 and 12 meters and that the species moved downward 
during September as the thermocline moved down. In 
October, after the breaking up of the thermocline, the 
distribution was much more nearly equal. The center of popula- 
tion rose rapidly and regularly from the latter part of September 
to the middle of November, lying near 14 meters in late Septem- 
ber and at 4 meters in the first part of November. After a 
smal] fluctuation in the latter part of November, it rose once 
more, and in the latter part of December lay about two meters 
below the surface, where it remained during the early part of 
the winter, until the decline in numbers came on in March or April. 
If this diagram were reversed it would serve fairly well to indi- 
cate the downward migration of the species in the spring. | 

In Fig. 30 are given curves for the percentile distribution of 
D. pulicaria for April 16-30, 1896, and August 16-31, 1895, 
showing the extreme variation of its average distribution. 
The diagram is similar to that described on p. 384. 

I have not found any other case recorded of a Daphnia which 
in summer remains at or below the thermocline. At least one 
other species of the genus has the same habit in thisregion. A 
form which I have identified as D. longiremis Sars, belonging 
to the cristata group, is regularly confined to the region be- 
low the thermocline in some of the lakes of the Oconomowoc 


system and in lake Geneva. 
26 
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Daphnia retrocurva Forbes. 
Table H, Appendix. 


This species belongs to the periodic crustacea and is present 
in the lake from July to December. Its numbers during July 
are small and the proper history of the species does not begin 
until the latter part of this month, or the early part of August. 
In 1896, indeed, the numbers were very small until the decline 
of D. hyalina in the middle and latter part of August gave an 
opportunity for the presence of this species. 

In vertical distribution this species agrees very closely with 
D. hyalina, as would be expected. In the early part of periods 
of increase, from 45 to 60 per cent. may be found in the upper 
level. This was the case in the latter part of July, 1895. It 
was also truein late September and early October, 1896, although 
the crustacea moved rapidly downward so that the two-week 
averages do not disclose the fact. In the old age of the broods, 
as the numbers are declining, they are found chiefly in the 
lower water of the lake. This was especially obvious in late 
November and in December, 1895, when the species disappeared 
quite slowly and lingered latest in the lower waters of the 
lake. In 1896 the formation of the ephippia was nearly simul- 
taneous on the part of all of the females and the species disap- 
peared rapidly and completely in the early part of November, so 
that this phenomenon of the old individuals lingering in the 
lower water did not appear. 

Marsh (97, p. 210) finds the distribution of Daphnia Kahl- 
bergiensis in Green lake very similar to that of D. retrocurva 
in Mendota. He finds, however, a marked difference between 
the vertical distribution by day and night, which I have not 
seen. The fact, however, that D. retrocurva descends to a some- 
what greater depth during the day than does D. hyalina seems 
to indicate a greater sensitiveness to light than that of its con- 
gener, although this sensitiveness does not lead to as great 
movements as Marsh’s observations would indicate for Green 
lake. 
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Diaphanosoma brachyurum Sars. 
Table I, Appendix. 


This species belongs to the periodic crustacea, its active de- 
velopment extending from the first of August to the middle of 
October. It is provided with very large antenne and is one of 
the most powerful swimmers among the limnetic crustacea. It 
is also positive in its relations to light. In both these respects 
it resembles Diaptomus and its vertical distribution very closely 
agrees with that of the latter genus, although its numbers are 
very much smaller. In the early history of the _ species 
50 to 70 per cent. of the whole number are found in the upper 
stratum of the lake. The distribution becomes more equal dur- 
ing the decline of the species and at no time is there found any 
aggregation of individuals-in the lower waters of the lake. The 
distribution of the small numbers present in the decline of the 
species is, however, quite irregular and the number in the 
upper part of the lake becomes smaller than that in the lower 
water. 

Marsh (’97, p. 216) suggests that the vertical distribution of 
Diaphanosoma is controlled by light rather than temperature. 
He finds it negative to light and thinks that it prefers cool 
water. In the laboratory Diaphanosoma moves toward the light 
along with Diaptomus, so that my observations would indicate 
that it is positive in its relations tolight. I find also uniformly 
a larger percentage of adult animals in the upper meter by day 
than I find of the species of Daphnia. There is, therefore, noth- 
ing in my observations to confirm the idea that the species is 
negative in its relations to light. Since, however, the absence 
of crustacea from the upper centimeters of the lake when the 
light is most intense, indicates a certain negative relation on 
the part of nearly all forms, it may well be that this species 
finds the light in the clear water of Green lake too strong, and 
responds to it more definitely than in lake Mendota. 
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Chydorus sphaericus. 
Table J, Appendix. 


This species belongs properly to the littoral crustacea and 
its presence in the limnetic region depends apparently on the 
presence in abundance of Anabaena and allied forms. Since these 
plants tend to aggregate in the upper water of the lake, Chy- 
dorus shows an equal tendency in the same direction and the per- 
centage of this species which may be found in the upper levels 
exceeds that of any other of the limnetic crustacea. It is true, 
however, for this species, as for all others, that the largest 
numbers are found in the upper level at the time when the num- 
bers are rapidly increasing, and that when the numbers are de- 
clining the distribution may be more equal, or may vary in an 
accidental fashion. During the periods of rapid increase from 
50-80 per cent. of the individuals are found in the 0-3 m. level. 
These high percentages have been reached in September, 1894, 
July, 1895, and June and August, 1896. 

In October and later the species becomes quite equally dis- 
tributed through the water, but it showed no marked tendency 
to aggregate in the lower water at times when it is declining, 
until the numbers became very small in late winter, 1896. It is 
very abundant during the day in the upper meter and, like 
Cyclops, is one of the last forms to disappear at the thermo- 
cline. 

The fact that Chydorus is relatively very abundant near the 
surface is noted by Apstein (’96, p. 80). 


Leptodora. 


The number of Leptodora caught is so small and so variable 
that it is difficult to give any positive general conclusions regard- 
ing its vertical distribution. The following table shows the 
average distribution for the months of July, August, and Septem- 
ber, 1895, with which that of 1896 closely agrees. 


7 
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TABLE XXVI. 


PER CENT. IN EACH 3M. LEVEL. 


Total 
1895. Number 
taken 
0-3m 3-6 6-9 9-12 12-15 15-18 
= SL (eee 285 33.3 34.4 24.6 Td 0.3 0.0 
PATIPUUSE ccs. sce ies'es 680 41.0 28.8 19.5 8.5 1.9 0.2 
September ......... 156 34.0 28.2 17.3 9.6 9.6 is 


This table shows that the average agrees very closely with that 
of the other limnetic crustacea. During this season a consider- 
able number of observations were made after nightfall, but 
neither in 1894, nor in this year was there any evidence of a 
movement of Leptodora toward the surface at night, as meas- 
ured by the three meter intervals. The species is nearly, or 
quite absent from the upper meter or so during the day, but 
comes to the surface again with the other crustacea after night- 
fall. 

In August, 1895, the number caught in the 0-3 m. level, ranged 
from 1 to 43 individuals; in the 3-6 m. level, from 1 to 33; and 
in the 6-9 m. level, from 0 to 46. Below this level, of course, few, 
or no individuals were obtained. With this range of variation, 
the percentages might easily be altered greatly by a single ob- 
servation. 

Nauplii. 


Figure 33. 

The vertical distribution of the nauplii has been very vari- 
able, as may be seen from the following facts: On July 17th 
50 per cent. of the very large number taken were caught be- 
tween 6 and 9 meters and only 7 per cent. in the 0-3 meter 
level. On the 18th the distribution was substantially the same, 
while on the 20th 38 per cent. were found between 0 and 3 me- 
ters, and 31.5 per cent. between 6 and 9, and on the 21st 49 per 
cent. were found in the upper level and only 19 per cent. be- 
tween 6 and 9 meters. On the 5th of August 90 per cent. were 
found between 6 and 12 meters, and on the 8th 23 per cent. be- 
tween 9 and 10 meters, and 50 per cent. between 6 and 10. 
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These observations were all made in the day and under substan- 
tially similar conditions of weather and temperature. During 
August and September, 1897, numerous observations were made 
| by means of net and pump and in nearly all cases the great ma- 
jority of the nauplii were found in the lower part of the inhab- 
ited water, although a considerable number was also found in 
the surface levels. On the 13th of September a very large num- 
ber of nauplii were found in the upper half meter, by far the 
largest number being found at the surface itself. (See Table 
XXXVIII, J.) The number very rapidly declined from the surface, 
reaching a minimum at about 1 meter. They began to increase 
again at about 5 meters and reached a great number in the lower 
levels, substantially as shown in Fig. 33. The nauplii in the 
upper water were well developed and apparently about to change 
into the form of the immature Copepods, while the great number 
lying between 10 and 13 meters was composed of very young . 
individuals. Itseems probable, therefore, that the nauplii dur- 
ing their younger life dwell in the lower part of the inhabited 
water and move toward the surface when they are about to 
leave the nauplius stage. The immature forms, both of Diapto- 
mus and Cyclops, are present in large numbers in the upper 
strata of the water and the egg-bearing individuals are present 
in larger numbers in the Jower strata, although they are never 
absent from the upper water. In all the lakes which I have 
examined in summer the great majority of the nauplii have 
been found in the region of the thermocline; either just above 
it, or immediately in and below it. I infer, therefore, that this 
distribution is a common one. 

In October and later the distribution becomes uniform and 
so continues until late in the winter. In March, as the larvae 
begin to change into Cyclops forms, they approach the surface. 

Apstein (’96, Table IV.) does not appear to have found the 
nauplii more abundant in the deeper water than near the surface. 
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THE DISTRIBUTION IN THE UPPER METER, AND THE DIURNAL MOVE- 
MENT. 


Figures 32, 33. 

The observations recorded in my former paper showed uni- 
formly that there was no general diurnal movement of the crus- 
tacea and no movement at all which couid be detected by the 
use of three-meter intervals. This conclusion has been con- 
firmed by all of the observations which I have since made. 
During 1895 and 1896 considerable attention was paid to the 
distribution of the crustacea in the upper meter, with the de- 
sign to determining whether or not there was a diurnal move- 
ment of the limnetic forms within narrower limits than three 
meters. A large number of observations were made in 1896 in 
order to determine the relative number of crustacea in the upper 
meter and the remainder of the 3 m. level. These observations 
were begun early in August and continued until the last of No- 
vember; twenty sets of observations being made in all. In 
some cases the crustacea were taken meter by meter and the 
numbers compared. In other cases the crustacea of the upper 
meter were caught and their numbers compared with those ob- 
tained from the entire depth. A single illustration of the 
former method is given; partly in order to show the results, 
partly also to illustrate the amount of agreement and difference 
between the three catches of one meter each and that made 
through the entire distance of three meters. 


Taste XXXVI.— Number of crustacea caught August 24, 1895. 6 P. M. 


Depth, sietars. Diapte Cyclops. [p. hyalina. DRL Diaphaw Chydorus. 
ial AS Re 700 360 2,120 280 140 100 
peered tia Wa wists: 340 360 2, 060 200 140 120 
RR area te a ee siete 460 370 1,150 160 50 50 

Papal? a). .3¢. etsoohy i000, |) Bases ewe aa Ts ora, 
MIC aistgidh ats sialiai'ein 6 | 1, 780 | 1,050 4, 250 4715 350 375 


As would naturally be expected, the ratio between the ec; 
tacea of the upper meter and those of the entire level varies 
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very greatly. On some occasions the catch of certain species 
from the upper meter was larger than that obtained by a second 
catch from the entire three meters. Such instances were due 
to the presence of very large numbers of young in the upper 
meter, with a somewhat irregular distribution, so that the 
catches varied considerably. Upon the whole, however, the 
average number derived from these twenty observations agreed 
surprisingly in all the species. It was found that the upper 
meter contained an average of 43 per cent. of the entire catch 
of Diaptomus from the upper three meters; 47 per cent. of Cy- 
clops; and 50 per cent. of Daphnia hyalina. These catches 
were made during the day and may be taken as fairly indicating 
the relative number of crustacea in the upper meter during the 
daylight hours. It will be seen that these observations fully 
justify the statement made in my former paper (Birge, 95, 
p. 479) that “a general movement of the crustacea as much as one 
meter would have been detected,” and indicates that at no time 
is the population of the upper meter of the lake notably de- 
ficient. The minimum percentages were very irregularly dis- 
tributed and depended more upon the presence or absence of 
young individuals than upon any influence of light, weather, or 
wind. 

These observations also indicate the extent to which the lines. 
of Figs. 29 and 30 should be altered in the upper three meters. 
in order to express the average distribution within that level. 

During 1897 observations were made with a view of deter- 
mining the exact distribution of the crustacea in the upper 
meter. They were made by two methods: First, a net with an 
opening ten centimeters in diameter was supported so that it 
could be drawn horizontally through the water for a known dis- 
tance at an uniform rate of speed. The crustacea so obtained 
were counted and the number present at a given level was thus 
determined. Second, a pump was taken out in the boat, by 
whose aid the water of the lake was pumped through a hose and 
strained by the plankton net, the mouth of the suction hose be- 
ing placed at the successive levels. Water was taken from the 
surface at a depth varying from two or five centimeters in calm 
weather, to ten when the lake was agitated by the wind; at one- 
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half meter; at one, two, and three meters, and sometimes deeper. 


The results of these two methods were the same and can be 


stated in general as follows: 

1. On calm sunny days the upper ten centimeters of the lake 
may be almost devoid of crustacea, as was the case on August 
Ist, 2d, and 25th. At a depth of half a meter, however, the 
numbers become considerable and may be very great. On 
August 25th the total population of the water at this depth was 
at the rate of nearly 70,000 crustacea per cubic meter, without 
including the nauplii, which numbered 18,000 more. At one 
meter the population was nearly 200,000 per cubic meter and 
_ below that depth the numbers rapidly declined. A large num- 
ber of similar observations were made on other days, and in one 
of the cases where the observations with the pump were ex- 
tended throughout the inhabited water the results have been 
diagramed and are shown in Fig. 33. 

2. The population of the upper meter is largely composed of 
immature crustacea, the percentage of young varying in dif- 
ferent species. It is most marked in Diaptomus, Daphnia hya- 
lina, and D. retrocurva. Great numbers of young are found in 
the upper meter, as was the case on August 25th, and especially 
on September 8th, and the adults may be entirely absent. 
At the depth of a half meter a very few half-grown individuals 
are present, while they are fairly numerous at one meter and at 
the same depth the adults begin to appear. Below one meter 
by far the most conspicuous part of the population consists of 
adults, although the young may be present in numbers as great 
as the comparatively few adults. A similar relation of distri- 
bution holds for Daphnia retrocurva, although the proportion of 
this species in the upper meter by day seems to besmaller than 
that of its congener. The adults of Diaphanosoma approach 
nearer the surface when the sun is bright, than those of Daph- 
nia, but at least 75 per cent. of the individuals found between 
the half meter level and the surface are immature. The same state- 
ment is true for Diaptomus. Cyclops shows the least difference; 
females carrying eggs being regularly found in considerable 
numbers at half a meter, or even above that level, coming to 
the surface on cloudy days and occasionally in sunshine. Yet 
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while it is not easy to determine the exact proportions of young, 
it is very obvious that the majority of the immature Cyclops are 


near the surface. 
3. A far larger proportion of Cyclops is usually obtained from 


the upper five or ten centimeters than comes from any of the other 
forms of limnetic crustacea, and it may be present at the very 
surface on hot, calm, sunny days, as on Sept. 13. 

4, The nauplii are found in considerable numbers in the up- 
per water during the day and frequently extend to the very sur- 
face, yet ordinarily the number at the surface is only a third, 
or even a Smaller fraction of that found at one-half meter. 
Older nauplii may be found in large numbers at the surface and 
confined to the upper one-half meter. 

5. In windy and cloudy weather the crustacea approach nearer 
to the surface, the numbers of Diaptomus and Cyclops being es- 
pecially increased by the change in the condition of the sky. 
Daphnia hyalina also may come nearer the surface. But the num- 
bers of these species during the day in the upper ten centimeters 
are always decidedly smaller than at one-half meter, so far as 
my observations extend. 

6. At night the population of the upper meter changes in 
character. The young, instead of being concentrated in swarms 
in this layer, become more evenly distributed, and the adults 
which were found below the one-meter level rise toward the 
surface. Leptodora and larval Corethra have been regularly 
taken at the surface in considerable numbers at night. During 
the day these animals are rarely, if ever, found close to the sur- 
face, although they may be abundant enough above the three 
meter line. It would appear, therefore, that these animals 
move toward the surface at night, together with the crustacea 
on which they feed. Hpischura seems to have the same habit. 
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TABLE XXXVII.—Typical catches from the upper water giving the rate 
of population in thousands per cu. m. at the depth specified. 
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TaBLE XXX VII.—Continued. 
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The preceding tables show the results of some of the more 
important observations of this kind made in 1897. The fig- 
ures of these tables express the rate per cubic meter found at 
the given depths, not the actual population between certain 
depths as is done in the tables based on the vertical net. 

In most of these lists, the preponderance of Cyclops in the 
upper stratum is striking. In A, all of the Diaptomi at 0.5 and 
1m. were young. The same was true of D. hyalina at 0.5 m., 
and above. In all catches 85-95 per cent. were young at 1 m. on 
sunny days. The effect of cloud is plainly visible in B, C, and 
F, and of wind in E and G. The tendency of Gloiotrichia to 
aggregate at the surface is well seen in D. 

In the following tables the record for two more complete ob- 
servations is given, together with one illustration of a night 
distribution. In the latter there were almost no nauplii, an 
exception to what has usually been found at night. The popu- 
lation for the given depths in the catch of September 8th has 
been platted in Fig. 33, and Fig. 32 shows the upper three 
meters of the two sets of observations on September 13. 
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Fic. 33.—Vertical distribution of crustacea, nauplii, and temperature, Sept 
noon. Scale, crustacea (full line), 1 horizontal space = 10,000 per cu. m.; 
1 space = 20,000; temperature, 1 space = 1 degree. See p. 413. 
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TaBLE XXXVIII.— Typical-catches with the pump from the entire depth. 
The numbers are stated in thousands per cu. m., and give the rate of 
the population at the depth specified. 
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TABLE XXX VIII—Continued. 
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These observations (and I could adduce many more) show that 
there is a clearly marked diurnal movement of the crustacea. 
in lake Mendota but that it is confined within the narrow limits. 
of the upper meter, or meter and a half. The day population 
of the upper centimeters, especially in bright, calm weather, is 
very small, but the number at one-half meter, even under such 
conditions, is nearly or quite as large as that at any greater 
depth, and may be the maximum number. The day population 
of the upper meter consists chiefly of young and immature crus- 
tacea; most of the older individuals of all species being found. 
at greater depths. This relation of age to distribution is most 
marked in the Daphnias and Diaptomus and least marked in Cy- 
clops. At night the population of the upper meter agrees in 
general character with that of the water below, the older indi- 
viduals ascending, and the younger descending. I have found 
no evidence of an aggregation of adult crustacea close to the 
surface at night, but my observations have been confined to the 
hours before midnight. 

In general, these conclusions regarding the diurnal movement 
of the crustacea agree with those of Francé, (’94, p. 35), with 
the important difference that while the movements described by 
him are measured by meters, those which I have observed take 
place within the narrow limits of the upper meter, or even 
within a smaller distance. There are, however, some note- 
worthy exceptions to the agreement. I do not find that the 
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Cladocera aggregate at the surface at night, but find that the 
upper water, in the early part of the night at any rate, is ten- 
anted by a larger proportion of Copepoda than of Cladocera and 
that a smaller fraction of adult Cladocera is found among those 
present at this level than at the depth of half a meter, or more. 
I do not find that a strong wind brings about an even distribu- 
tion of the crustacea, although it assists in doing so. In 
moderate winds the crustacea approach somewhat nearer the sur- 
face than in quiet, sunny weather, and during violent winds the 
distribution in the upper three meters is more uniform than in 
cloudy weather, but in case large numbers of young are present, 
there is always a high percentage in the upper meter. 


THE DISTRIBUTION AT THE THERMOCLINE, 


During the latter part of the summer of 1896 observations 
were made with the net, in order to determine more exactly the 
distribution of the crustacea at the thermocline. The net was 
raised from the bottom of the lake to the bottom of the ther- 
mocline and then closed and drawn to the surface. After wash- 
ing out the collection it was lowered to the depth at which it 
was closed, opened, raised through one meter and closed again. 
In this way the population was determined by single meters for 
the two or more meters including the thermocline and the 
water immediately above. Great care was taken that the move- 
ment of the net should be regular, and the messenger was sent 
down the line in such a way as to close the net immediately on 
its reaching the upper level of the meter under investigation. 
The results show that the crustacean population usually passes 
into the thermocline and often toward its lower part, but that here 
it ends often with great abruptness. If the temperature conditions. 
are such that the thermocline is spread out over two or three 
meters the population ends less abruptly than when the thermo- 
cline is concentrated into a meter or a half meter. The obser- 
vations showed a population per cubic meter of only a few hun- 
dred below the thermocline, while in it and above it the popu- 
lation might range from 40,000 to 60,000 per cubic meter. As 
these observations agree in general with the more exact results 
reached by the pump in 1897, the details will not be given. 
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In 1897 similar observations were made by the aid of the 
pump; 40 liters of water being ordinarily pumped from 
each level. The results were substantially the same, al- 
though the number of crustacea found in and above the thermo- 
cline was smaller, since the population of the lake was smaller 
in 1897 than in the preceding year. The following table shows 
the results of some of the observations. It will be noticed that 
the abruptness with which the crustacea stop is evidence that 
the pump did not draw water from any considerable distance 
from the mouth of the suction hose. 


TABLE XXXIX.— Typical catches from the thermocline stated in thousands per 


cubic meter. See also Table XXXVIII. 
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The distribution of the nauplii at the thermocline is especially 
noteworthy. During the period of the observations there were 
frequently found enormous numbers of larval Copepods in the 
lower water. The numbers began to increase at ten or even 
eight meters, at a point several meters above the level at 
which the temperature began to fall, so that this distribution 
does not seem to depend on temperature. The number of nau- 
plii rose to a maximum rate of more than 300,000 per cubic 
meter in and above the thermocline, but ended with very great 
abruptness. This termination of the population often took place 
within the space of half a meter. 

The number of algae also declines very rapidly at the thermo- 
cline and those which are obtained below this level are dead or 
dying. The amount of algae thus obtained is, however, far 
greater than the number of crustacea; indeed the algae below 
the thermocline are many times more abundant in rela- 
tion to the number of crustacea present than is the case in lakes 
like those of the Oconomowoc system, in which there is a large 


crustacean population in the lower waters. It is obvious, there- 


fore, that the exclusion of the crustacea from these deeper 
waters is not due to the absence of food. 

The algae at times appear to accumulate above the thermo- 
cline, and to pass it, as they settle, only after considerable 
delay. I have attempted to discover whether this delay was 
due to the greater density of the water, occasioned by the dim- 
inution in temperature. A large glass tube, six centimeters 
in internal diameter and about two meters long, was filled with 
water and the lower half meter placed in a vessel of ice-water. 
After a few hours a very marked thermocline was formed, the 
temperature falling some 6° C. in the space of about 10 cm. 
Water containing algae, chiefly diatoms, was introduced at the 
top of the tube and the algae gradually sank through the water. 
On reaching the artificial thermocline they paused for a few 
minutes, but rapidly acquired the temperature of the water, as 
would be expected, and then sank to the bottom of the vessel. 
The delay at the thermocline could not have amounted to more 
five minutes for an individual alga. It seems probable from 
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these experiments that temperature does not cause the accum- 
mulation of algae often found above the thermocline. Their 
death and consequent rapid sinking in the deeper water account 
for their small numbers below the thermocline. 

In this region Cyclops is the least sensitive of the limnetic 
crustacea to the influences which exclude them from the lower 
water. Chydorus is close to it in this respect when present in 
large numbers. A larger proportion of these species than of 
any others is found in the water immediately above the ther- 
mocline, and of the few crustacea which are found below that 
level by far the greater portion is composed of these genera. When 
Chydorus is extremely abundant more individuals of this species 
than of any other may be found below the thermocline. At one 
time nearly 70 individuals were taken by the net between eleven 
meters and eighteen, more than four times as many as all the 
other crustacea together. An examination showed that all, or 
nearly all of these individuals were in the process of moulting 
and had apparently become in some way entangled in the shell, 
so that their presence in this deeper water was an evidence of 
injury or weakness. The crustacea below the thermocline are, 
however, not dead or dying when brougnt to the surface. 

The larvae of Corethra are found in considerable numbers be- 
low the thermocline and seem to be the only limnetic animal 
which normally inhabits these waters. Not infrequently the 
numbers of Corethra are far greater than the total number of the 
crustacea obtained. Indeed this is regularly the case when Core- 
thra is present in any considerable numbers. Since Corethra 
can carry a stock of air in its breathing tubes it is easy to 
understand the possibility of its living in the water below 
the thermocline. It is less easy to see why it should go there 
unless it retains in lake Mendota the habits which it has in the 
far more numerous lakes whose lower waters are habitable by 
crustacea. 


Factors Determining Vertical Distribution. 419 


FACTORS DETERMINING VERTICAL DISTRIBUTION, 


The following factors contribute to determine the vertical 
distribution of the limnetic crustacea. 
1. Food. 
2. Temperature. 
3. Condition of the water in respect to dissolved oxygen and 
other substances. 
Light. 
Wind. 
Gravity. 
. The age of the members of any given species. 


oo TS ot 


. Specific peculiarities. 
Food. 


Food infiuences the distribution of the crustacea both by its 
amount and its quality. As a general proposition, the crus- 
tacea should be most numerous where food is most abundant and 
least numerous where food is least plentiful. Since, therefore, 
the reproduction of the limnetic algae goes on most rapidly in 
the upper strata of the lake, it is natural that the crustacea 
which feed upon these algae should also be most numerous there. 
Yet this simple relation of food and eater does not at all cover 
the facts of vertical distribution. The amount of the algae in 
lake Mendota is in general so great in proportion to the num- 
_ber of crustacea that the quantity of food is rarely the pre- 
dominant factor in vertical distribution. In early spring the 
crustacea, and especially Cyclops, increase more rapidly than 
does the food. But after the opening of summer the food 
appears to be almost always in excess of the crustacea, 
and their distribution, therefore, does not follow variations in 
its distribution. 

For example, it is well known that the limnetic algae appear 
in what may be called successive waves of development. A sin- 
gle species rises to a maximum, predominates for a short time, 
then declines and nearly disappears, and its place is taken by 

another species. During the period of decline, especially in the 
case of diatoms, there is a time when the algae are sinking and 
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when they are more abundant in the deeper strata of the water 
than near the surface. At such times the crustacea do not fol- 
low the food downward, but retain their normal summer distri- 
bution. Again, in the autumn there is a period, beginning 
a little before the first of October and extending to the freezing 
of the lake, when the algae are present in immense quantities, 
and are distributed with approximate equality through the 
whole mass of the water. Yet the crustacea are not by any 
means as uniform in their distribution, and at times some 
species are as closely aggregated near the surface as in summer. 
Their position depends on age and other factors rather than on 
food. 

The position of Daphnia pulicaria, also, cannot be determined 
by the food. It may be added that the crustacea in the deeper 
strata of the water are usually less numerous in comparison to 
the food present than they are in the upper strata. 

On the whole, while the quantity of food accounts for many 
of the larger facts of vertical distribution, it leaves wholly un- 
explained most of the details of the distribution of all of the 
species. It entirely fails to account for the position of Daph- 
nia pulicaria, or for the absence of crustacea from the deeper 
water in summer. 

The quality of the food at different depths is of some importance 
in the distribution of the crustacea. Anabaena, Aphanizomenon, 
and allied genera of algae are found in larger numbers in the 
upper strata of the water, while the diatoms, with their siliceous 
sheils, tend to be more evenly distributed and never accumulate 
at the surface. Anabaena and allied forms, also, being small in 
size and devoid of skeleton, are more readily eaten by the young 
crustacea than the diatoms, while the diatoms in turn can be 
very readily eaten by the older and larger crustacea. There is, 
therefore, a tendency for the young of nearly all species of 
limnetic crustacea to seek the algae in the surface strata of the 
lake, and the difference in the distribution of the algae is no 
doubt one of the factors which keep so high a percentage of the 
young near the surface. 

The fact that the crustacea in the 0-3 m. level do not rise 
above a certain number (p. 387) shows that food is not the only 
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regulating factor, since the amount of food in that level in au- 
tumn is more than sufficient to support the total crustacean 
population. 


Temperature. 


Temperature may be considered under three heads: (1) the 
rise and fall of the average temperature of the water from 
spring to late autumn, (2) the diurnal variation of temperature, 
(3) the vertical distribution of temperature. 

I have not been able to discover that the warming or cooling 
of the water in spring or fall affects directly the vertical dis- 
tribution of any species except Daphnia pulicaria. The move- . 
ments of this species are undoubtedly determined by the rise or 
fall of the general temperature of the water. It is a sub-ther- 
moclinal species in plankton-poor lakes and in summer it keeps 
as near as possible to the cool water in lake Mendota. 

The diurnal variation of temperature has no noticeable direct 
effect on vertical distribution. 

The most striking fact in the vertical distribution of temper- 
ature is the formation in the lake during summer of the thermo- 
cline which forms the lower limit of the crustacea from July on. 
The crustacea follow accurately the position of the thermo- 
cline. This layer has a vertical oscillation of two or even three 
meters, being affected by the direction of the wind. In every 
case the lower limit of the crustacea oscillates with the posi- 
tion of the thermocline and follows it downward as it gradually 
descends during the summer. 

The statement made in my former paper (Birge, ’95, p. 481) 
that “during July, only the upper twelve meters are tenanted by 
crustacea, and over ninety per cent. are in the upper nine 
meters” should be modified so as to read, that ninety-five per cent. 
or more of the crustacea are found above the thermocline, which 
in July is situated from nine to twelve meters below the sur- 
face. Yet, close as is this correspondence between crustacea 
and thermocline, the temperature is not the fact which limits 
their downward extension. This will be shown under the next 
head. 

I have no doubt, however, that the thermocline is always an 
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important factor in determining the position of the crustacea. 
Diaphanosoma is pre-eminently a summer form and flourishes 
only when the temperature of the water is at or above 20° C. 
It would hardly extend its range into the cold bottom water. 
In Pine lake and Oconomowoc lake, in both of which many 
crustacea extend freely through the thermocline, Diaphanosoma 
is confined to the region above it. Marsh states that Hpischura 
occupies the same position in Green lake, in which lake also 
most of the crustacea extend far below the thermocline. | 

In all small iakes whose deeper water is habitable it will 
probably be found that the limnetic crustacea (and the rotifers 
also) can be divided into three sets: 

1. Those permanently above the thermocline, ituohatee Di- 
aphanosoma, Epischura (Marsh, ’97, p. 195), and probably 
some forms of Daphnia hyalina and Ceriodaphnia. 

2. Those below the thermocline, including D. pulicaria and 
longiremis and Limnocalanus (Marsh, ’97, p. 201). 

3. Those which are found on both sides of the thermocline, in- 
cluding Diaptomus, Cyclops, and others. These forms are named 
on small evidence in most cases, and the list must be regarded 
as suggestive only. The thermocline and the upper meter or 
two are certainly the two important strata in vertical distribu- 
tion. 

Above the thermocline there are no differences in temperature 
which could determine the distribution of the crustacea. There 
is rarely a difference exceeding two degrees between the top of 
the thermocline and the surface of the lake, and the variations 
in the vertical distribution of the crustacea above this layer 
must depend on other causes than temperature. 

After the first of October, lake Mendota is nearly homother- 
mous. Differences exceeding one degree are rarely found, and 
only in the warmer parts of bright and calm days. This 
condition is assumed while the temperature is fairly high —16? 
to 18° —and so early in the autumn that the development of the 
crustacea goes on actively for a month or more. During this 
period, therefore, other factors than temperature or food must 
determine the vertical distribution. Uniformity of distribution, 
however, is not attained until the decline in numbers of the 
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several species of crustacea. So long as the crustacea are mul- 
tiplying, the higher strata may contain as high a percentage 
as they do in summer. (Cf. p. 398.) 

One indirect effect of temperature should be noticed. A 
higher temperature increases the sensitiveness of the limnetic 
erustacea to light, and thus aids in driving from the upper 
strata those species which are negatively affected by light, es 
pecially Daphnia hyalina. 


Chemical relations of the water. 


The abrupt Jimitation of the downward extension of the 
crustacea in lake Mendota by the thermocline is not due to the 
change in temperature. This is shown by the fact that in 
lakes which are poor in plankton the crustacea extend far below 
the thermocline and in many cases the colder water is the more 
densely populated part of the lake. The crustacea are excluded 
from the lower water by the accumulation in it of products of 
the decomposition of the plankton plants and animals. Thes 
accumulate in the stagnant water below the thermocline and 
their decomposition finally, and in lake Mendota rapidly, fills 
the water with decomposition products and exhausts the oxygen. 

The State Board of Health of Massachusetts in 1889 and 1890 
made elaborate examinations of the condition of the deeper water 
of numerous ponds in that state. It was found (Drown, ’90, 
p. 554) that in the deep water there was “an accumulation of in- 
termediate products of decomposition of nitrogenous organic 
matter, the hydrogen compounds of carbon, sulphur, phosphorus, 
and nitrogen, which, owing to the exhaustion of the supply of 
free oxygen, cannot be further oxidized.” It was found also 
that “in foul water of this character the varieties of animal and 
vegetable life which we find in water nearer the surface are 
almost, if not altogether, absent.” In 1891 investigations were 
made of the amount of oxygen in the bottom water, showing 
(Drown, ’91, p. 373) a rapid decline in the dissolved oxygen 
below the thermocline and its total disappearance from the bottom 
water of the ponds. It is not possible to state positively 
whether it is the absence of the oxygen or the presence of the 
decomposition products which excludes the crustacea from the 


424 Birge—The Crustacea of the Plankton. 


lower water, in the absence of more exact investigations on the 
subject. 

In lake Mendota the lower water is always clear, but the 
whole region below the thermocline rapidly becomes unfit to 
support life, so that the life in the lower waters ceases very 
shortly after the formation of the thermocline. In lakes 
with a smaller amount of plankton the bottom water may 
become unfit to support life in late summer, although the 
plants and animals extend far below the thermocline. In 


Pine lake on September 5, 1896, Cyclops was by far the most 


abundant crustacean in the cold water, and numbered 21,000 
per cubic meter between 12 and 15 meters, and 3,000 between 
15 and18m. It was practically wholly absent between 18 and 
24m., only 8 individuals being taken by the net within that 
distance, and no other forms of crustacea were taken. In Okau- 
chee lake the crustacea are numerous to a depth of 24m. in Sep- 
tember, but between 24 and 27.5 m. they were very few. In lake 
Geneva, Wisconsin, the crustacea in September extend to the 
bottom at a depth of more than 42 meters. This lake is ex- 
tremely poor in plankton. The statistics given by Marsh for 
Cyclops and Diaptomus (’97, p. 191, 204) may indicate a partial 
exclusion of the crustacea from the lower water of Green lake in 
late summer and autumn. 

While the plants and animals of the upper water are excluded 
by this means from the lower part of the lake, animal life is by 
no means entirely wanting. Worms are found in the mud at 
the bottom, as also is Cyclas, in considerable numbers. There 
must, therefore, be oxygen enough in the water to support some 
life. | 

Cyclops and Chydorus are the least sensitive of the limnetic 
crustacea to these injurious influences. As shown by the tables 
on page 416, they always predominate in the lower strata of the 
inhabited water and form almost the entire population of the 
water below the thermocline. 

It is possible that the exhaustion of the oxygen from the 
lower strata of the water is the cause of the death of Cyclops 
and Daphnia hyalina at the bottom in spring and early summer. 
I have, however, no positive evidence on this point and in the 
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case of the latter species a great majority of the old animals 
are so affected by various diseases as to need no other explan- 
ation of their death. : 

Undoubtedly the condition of the water in summer causes the 
rise of the survivors of the spring broods of D. pulicaria from 
the bottom to the region of the thermocline. 


Tight. 


In lake Mendota the direct effect of light is confined to the 
upper meter or two, within which distance it has a powerful 
influence in determining the position of the crustacea. 

Laboratory study shows that the relation of the crustacea to 
light differs in different species. DapAnia in all of the limnetic 
species has a strongly negative movement. Diaptomus, Dia- 
phanosoma, and Chydorus are strongly positive while Cyclops 
is, on the whole, positive, but is not very strongly affected 
either way. Yet the vertical distribution of these species is 
not very different when studied in the lake by three-meter inter- 
vals. Compare Fig. 30, and the percentage tables on p. 393 
Diaptomus and Daphnia show an especially close correspond- 
ence in spite of their opposite relation to light. These species, 
placed in a glass vessel near a window, will segregate, Diapto- 
mus collecting near the surface and toward the light, while 
Daphnia goes to the bottom and to the side furthest from the 
light. This movement away from the light is not shared by every 
Daphnia present; some may move toward the light, usually not 
more than one per cent. of the adult or half-grown individuals. 
Young Daphnias, especially the newly hatched, are attracted by 
the light. The-adult individuals of Diaptomus are found in a 
higher level of the lake than those of Daphnia. 

The young crustacea have a monopoly of the upper half-meter, 
or thereabouts, during the day. It is easy to see the advant- 
age of this arrangement to the species. In the upper meter, 
plant-life is most abundant, and is represented chiefly by small 
forms like Anabaena which are especially adapted as food to 
the small crustacea. On the other ‘hand, the adult crustacea 
find an abundance of food suited to their size and masticatory 
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organs, in the diatoms, which are more uniformly distributed 
in the water. The young, therefore, are freed in part during 
the daytime, by the action of light, from the competition of 
most of the older forms of the same species for the food which 
is especially adapted to the young. 

On August 26th, 1895, there was an alternation of cloud and 
sun, which made the day especially favorable for the study of 
the relation of light and the vertical distribution of Daphnia. 
It was found by numerous observations that the adult and half- 
grown Daphnias were approximately one meter below the sur- 
face during the sunny periods, but rose to about one-half meter 
during the cloudy intervals. The rise immediately followed the 
obscuring of the sun and the return was as prompt when the 
sun again shone. It was as though the Daphnias were depressed 
by a force against which they were contending, and they rose 
when the sun disappeared with the promptness of a compressed 
spring when relieved of weight. 

In laboratory experiments Diaptomus and young Daphnias 
move quite to the light end of the box in which they are placed. 
If sunlight is reflected by a mirror, they still move toward it 
and find no light too strong which can thus be sent to them. 
It would seem, however, that the direct sunlight of the open 
lake is too strong for them, or they would be present in larger 
numbers in the upper centimeters of the lake. If the warmth 
of the water repelled them we should expect this stratum to be 
tenanted as the lake cools in the fall, and should also expect 
that the young crustacea would gradually withdraw during the 
day as the surface warms. Neither in autumn nor in early morn- 
ing, however, do we find the crustacea close to the surface. The 
withdrawal from the upper quarter meter or so continues at 
least until the first of November, and the crustacea descend 
from the surface very promptly after sunrise. As already 
stated, the old nauplii are the only crustacea which I have 
found in large numbers immediately at the surface on calm, 
bright days. A high temperature, however, increases the neg- 
ative action of light and a low temperature lessens or reverses it. 
In early winter when the ice is transparent, D. pulicaria and 
D. hyalina may often be seen in large numbers immediately 
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below the ice. This is especially noticeable in the case of the 
former species. 

The position of D. pulicaria must be controlled by tempera- 
ture. I have never been able to detect any noteworthy differ- 
ence between Daphnia pulicaria and Daphnia hyalina in their 
relation to light, by means of laboratory experiments. Nor 
have I as yet been able to find any difference in sensitiveness to 
light between Daphnias brought from a depth of three meters 
and those from a depth of twelve or more meters. 

The conclusion is, therefore, that in the upper meter and per- 
haps within a range not exceeding two meters from the surface, 
light is an extremely important factor in determining the vertical 
position of the crustacea. Below this depth, however, there are 
no effects which can be definitely ascribed to light. Iam not 
at all inclined to deny that, in lakes whose water is more 
transparent than that of Mendota, light may influence the crus- 
tacea to a greater depth. During the summer the water of 
lake Mendota is always turbid with vegetation, which cuts off 
the light very rapidly. My brass-topped dredge can rarely be 
seen to a depth greater than two meters, and frequently disap- 
pears between one-half and one meter. Vegetation, also, is 
especially effective in cutting off the violet and blue rays, on 
which the action of the light chiefly depends. In lakes whose 
water transmits these rays more freely, light may be a far more 
important factor in controlling distribution. 

The diurnal movement of the crustacea, which is clearly 
present during summer within the narrow limits of the upper 
meter, is chiefly due to light. Wind or calm alter the condi- 
tions of movement but during summer can hardly be considered 


factors in causing it. 
Wind. 


On the whole, wind has only a small influence on the vertical 
distribution of the crustacea, although its effect varies greatly 
with the season and with the condition of the several species of 
ecrustacea. The action of the waves prevents the formation of the 


dense swarms of young crustacea which are apt to be near the 


surface during calm weather. These young crustacea seek the 
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algae which on calm days accumulate near the surface. When 
the lake is rough the algae are distributed to a greater depth, 
and the crustacea follow them to some extent; although, even 
when the wind blows with considerable force, the young crus- 
tacea still form the chief population of the upper meter of the 
water. J have not been able to discover any descent of the 
crustacea during windy weather, but, on the contrary, have 
always found the upper meter fully occupied by them even when 
the lake was so rough as to make it very difficult to go 
out with a row-boat. 

The wind may affect the vertical distribution, also, by creating 
currents in the water. These are either lateral or vertical; we 
are concerned only with the latter. During the summer the 
vertical currents can penetrate no deeper into the water than 
the thermocline; that is, from six to fifteen meters, according 
to the time of year. These currents, however, seem to produce 
very little effect on the distribution of the crustacea— at any 
rate, at a distance of 850 m. from the shore, where my observa- 
tions have been made. In the next section it will be shown 
that crustacea must be able to move through a distance of at. 
least 100 meters vertically per day, and that the larger individ- 
uals move through four or five times that distance. There is, 
therefore, no difficulty in their maintaining any position in the 
water they may choose to occupy, against the somewhat slow 
vertical currents produced by the wind. Indeed, the wind 
affects the vertical distribution of the limnetic algae much less. 
than would be expected. I have frequently collected after severe 
gales, and, in summer, have never failed to find the algae of 
the upper three meters far more numerous than those from 
lower levels. I have never been able to detect vertical currents, 
produced either by wind or sun, which were capable of dis- 
tributing the algae uniformly through the mass of water in 
summer, and of course the active crustacea are far more inde- 
pendent of these currents than are the algae. 

In the autumn the entire mass of water in the lakes is put 
into somewhat active circulation by the autumnal gales. The 
algae are at a maximum and are pretty uniformly distributed 
through the water. Neither the quantity nor the quality of the 
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food, therefore, give any reason to the crustacea for moving to 
any particular level. The effect of light, also, is lessened by 
the declining temperature of the water. Hence the crustacea 
are far more apt to yield to the action of wind and gravity 
than they do in summer, and become more evenly distributed 
through all levels of the water. 

In the spring a similar distribution occurs immediately after 
the breaking up of the ice, when the lake is homothermous, and 
the crustacea and the algae have not yet started their spring 
development. Very soon, however, the surface strata contain 
much more food material than those below, and the young crus- 
tacea tend to remain near the surface until crowded down by 
the swarms of newly hatched forms. The lake, too, rapidly be- 
comes heterothermous and the circulation of the water in late 
April and early May is by no means as complete as it is during 
the long homothermous period of the autumn. 

A slight effect is also produced by the wind on the vertical 
distribution of the crustacea, since it causes the thermocline to 
oscillate through one or more meters, In general, it may be said 
that the on-shore wind tends to depress the thermocline, piling 
up the warm water on top of it; while the off-shore wind tends 
to raise it by stripping off the warm water of thesurface. This 
general law, however, is subject to many modifications owing to 
the irregularities in the outline of the lake and in the confor- 
mation of its bottom. Whatever effect however, the wind pro- 
duces on the thermocline it also exerts, of course, on the lower 
limit to which the crustacea extend. 


Gravity. 


The action of gravity has more influence on the position of 
erustacea than I had supposed on beginning this investigation. 
Its effects are most plainly seen in Daphnia, and least in Diap- 
tomus. Gravity does not act as an accelerating force upon the 
movements of the crustacea, and yet their ordinary movements 
are adjusted with some reference toit. If Daphnias are watched 
in an aquarium, it will be seen that they usually remain at about 
the same level, permitting themselves to sink and then with a few 
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strokes of the antenne resuming their former position. In this 
way they pass up and down through the water utilizing the 
material available for food. After a time the animal mayswim 
off to a new place, but soon begins to repeat these alternate 
movements. The movements of Diaptomus are far less regular, 
yet it, too, keeps at about the same level, unless some at- 
traction causes it to move up or down. Cyclops, which hunts 
for food of all sorts, and is decidedly a more predacious ani- 
mal than either of the first two named, is far less regular in 
its movements, and Leptodora, as a true carnivore, Swims ac- 
tively in all directions. 

The amount of energy required of the crustacea in order to 
maintain their position in the water is not inconsiderable, and 
is doubtless the main muscular labor demanded of them. They 
are all of them heavier than water, and sink at arather rapid 
rate, which very quickly becomes uniform. The full-grown 
Daphnia, 3to 4 millimeters long, sinks at the rate of 20-30 
centimeters per minute even with expanded antenne. Small, 
newly-hatched individuals, one millimeter or less in length, have 
arate less than one-third as great, from 5 to 10 centimeters 
per minute. The specimens experimented upon almost always 
fell edgewise through the water, with the head down, if the an- 
tennz were folded, and with the head up, if the antennz were 
expanded. Diaptomus sinks at about the rate of about 12 cm. 
per minute, and medium-sized adult Cyclops without eggs at a 
rate of 9.5 cm. per minute. 

Live Daphnias sink at the same rate as those freshly poisoned, 
as far as the eye can determine. This is easily determined in 
the case of half-grown and adult individuals, but young speci- 
mens are so active that it is hard to be accurate. At the rate 
given, an adult Daphnia would sink through as many as 250-400 
meters in a day, and must, therefore, maintain itself against the 
force which would cause it to fall through this distance. Of course 
the weight to be lifted is very small, being the excess of the weight 
of the animal over that of an equal bulk of water. It seems im- 
possible that the animal should ever sleep. As the creatures be- 
come older and larger the exertion becomes greater than in the 
case of young individuals, and the older and, especially, the 
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feebler animals, tend gradually to sink and accumulate in the 
deeper waters of the lake. 

Such aggregations of Cyclops are often found at the bottom 
of the lake in winter. In March, 1895, for example, from fifty 
to seventy per cent. of this species were in the lower three 
meters. Daphnia hyalina shows a similar downward movement 
in late May and early June on the part of those individuals 
which have lived over winter. In late autumn, also, the adult 
members of this species are far more numerous in the lower 
strata than they are at higher levels. Since, at this time, there 
is a superabundance of food at all depth of the water, and, 
since the crustacea are relatively few in number, this distribu- 
tion can hardly be due to any other cause than gravity. (See 
p. 398.) 

Diaptomus and Diaphanosoma with their very powerful swim 
ming organs, rarely show this tendency to sink. Perhaps the 
large amount of fat usually present in Diaptomus also aids in 
preventing sinking. 


Age. 


It is a general rule that the young individuals of a species 
appear near the surface, When the crustacea begin to multiply 
in the spring, the increase appears first in the 0-3-meter level. 
All very exceptionally large numbers of any species obtained 
during the summer have been caught in the upper three meters, 
and usually consisted of young and half-grown animals. Nosim- 
ilar aggregations have been found in the deeper water, except as 
noted for Cyclops in the last section. 

When a species is declining in numbers, the distribution is 
more uniform, and as the decline goes on, the lower levels may 
contain a larger number than the upper. If the crustacea 
obeyed this law with mathematical accuracy, there would be a 
sort of progress of the members of a brood from the top to the 
bottom of the lake, the successive broods of the young contin- 
ually displacing the older in the upper strata. 

Good illustrations of the distribution of the young and adult 
individuals can be obtained from the fall broods of Daphnia 
hyalina, as stated on page 398 
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The nauplii of the Copepods seem to form an exception to 
this rule of age. During the period when the thermocline is 
present, the maximum numbers of nauplii usually occur in the 
neighborhood of this layer, although not confined to it. In 
Pine lake, also, the thermocline and the level immediately below 
it contained more than sixty per cent. of the nauplii present. 
In Mendota they cannot go below the thermocline, but they 
congregate in and above it as shown in Fig. 33. The young 
Cyclops and Diaptomus, however, congregate near the surface 
by day, yet are by no means so closely confined to the surface 
as is the case with Daphnia. In autumn and winter the nauplii 
are pretty uniformly distributed. 

The causes of this distribution by age are to be found in the 
different relations of old and young to light, food, and gravity. 
Light and food are probably the most important factors. Cer- 
tainly it is true that Cyclops, which, of all the limnetice crus- 
tacea, is least affected by light and most omnivorous in diet, 
never shows as complete a separation of old and young as do 
the other genera. Yet even in this case there are more egg- 
bearing females, in proportion to the total number, in the deeper 
strata than near the surface. This is possibly due to gravity, 
which would have a greater effect on females laden with eggs. 


Specific peculiarities, 


It must be remembered that these various factors affect 
highly organized animals, which therefore do not respond with 
the mechanical uniformity of bacteria or of swarm-spores. Yet, 
in looking over my lists for catches which would illustrate ex- 
ceptions to the principles given and to the averages of the 
tables, I have had difficulty in finding them. A few exceptional 
catches of Diaptomus occurred in all summers, where the 6-9 m. 
level in perhaps half a dozen cases contained more than the 
0-3 m. But even such cases are very rare and in general the 
several species of crustacea follow their law of distribution 
with the range of variation already noted. 

It is in the nature of the response of the species to these factors 
that the specific differences usually appear, rather than in aber- 
rations from the general law. It has been very interesting to — 
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see how these specific differences regularly presented themselves 
in my averages in spite of great variations in absolute numbers. 
Hiven those so small that they were at first supposed to be 
merely accidental recurred with great uniformity. 

In conclusion I would repeat what I said in my introduction, 
that this discussion of general causes is to be regarded as sug- 
gestive. I shall be quite satisfied if it indicates lines of invest- 
igation to students of the fresh water plankton. 
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Fig. 28. Percentile vertical distribution, March, 1895, 
MAMOUSE MOCtOUer, 1896.66 oo. ces aeiala dace eids XXXVili 390 
His) 20.) Summer distribution, 1896....:... 22... ecea eens XXxXix 394 
Fig. 30. Cyclops and Daphnia pulicaria................ xl 400 
Fig. 31. Night and day distribution, Sept. 13........... xi 400 
Fig. 32. Percentile vertical distribution, D. pulicaria....  xli 400 
Fig. 33. Distribution of crustacea, etc., Sept. 8........ xlii 412 


ERRATA. 


Page 289, line 18, for April 28th, read April 2nd. 

Page 289, line 21, for Dec. 29th, read Dec. 19th. 

Page 400, line 2 from bottom, for Fig. 31, read Fig. 32. 

Page 412, line 2 from bottom, for Fig. 32, read Fig. 31. Also in Table 
XXXVIII, I. 

Page 425, line 17, for Fig. 30, read Fig. 29. 

In Fig. 13, for D. pulicaria 34, read D. pulicaria 3.4. 
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TABLE B.— Average number of crustacea per cubic meter in each 
three meter level, 1895, 1896. 


SS Oe 


Jan. 1-15.. 


Jan. 16-31. 
Feb. 1-14.. 
Feb. 15-28 


March 1-15. .. 


oe 
We 


March 16-31 .. 


April 1-15 


April 16-30.... 


June 1-15. .. 
June 16-30 .... 


July 1-15. 


July 16-31 .... 


Aug. 1-15. 


Aug. 16-31 .... 


Sept. 1-15. 


eeee 


Sept. 16-30.... 


Oct. 16-31. 
Noy. 1-15.- 


eens 


Novy. 16-30.... 


Dec. 1-15. 
Dec. 16-31. 


wees 


5.7 
12.4 
10.3 


33.2 


See Figs. 22, 23. 


1895. 


6-9 


8.7) 6.6 


6.1 
5.2 
3.7 
12.6 
41.1 
64.4 
59.9 
30.3 
46.0 
67.8 
34.7 
38.4 
44.8 
45.8 
38.2 
23.8 
aL 
19.3 | 17.3 
28.2 | 17.0 
16.3 | 10.0 


8.4 
11.7 

5.8 
21.7 
76.8 
90.7 
83.3 
41.3 
61.4 
15.8 
61.8 
45.0 
60.4 
62.6 
39.3 
23.9 
22.9 


9-12 |12-15 |15-18 


22.4 
38.4 
45.0 


13.3) 


14.2 
10.9 
27.5 
32.7 
21.4 
34.6 
35.8 
25.4 
21.2 
18.5 
10.6 
15.4 


4.1 
3.5 
6.5 
42.0 
36.6 
20.8 
17.5 
14.1 
&.5 
9.8 


0-3 


14.1 


10.8 
10.1 

4.2 

9.0 
20.7 
47.1 
46.6 


23.9 
26.5 
159.2 
254.4 
197.8 
188.1 
17.5 ||252.2 
2.2 |/230.4 
1.4 |/127.2 
0.5 ||163.0 
0.6 ||119.9 
1.7 ||150.6 
24.1 ||107.0 
33.9 ||105.7 
21.1 ||192.0 
14.0 || 56.1 
13.2 || 52.2 
6.5 |{ 26.5 
7.2 || 14.6 


-1896. 


3-6 


20.6 | 17.4 
9.2} 9.3 
11.5} 8.3 
10:8.) 4.7 


12.3 | 18.3 
19.6 | 33.9 
97.1 | 58.5 
179.6 |154.3 
118.7 |117.2 
69.0 | 30.4 
106.8 | 43.8 
135.2 | 56.8 
76.9 | 47.5 
82.7 | 42.6 
118.6 | 62.9 
111.9 | 84.8 
61.1 | 50.1 
84.1 | 81.3 
66.9 | 51.2 
47.1 | 30.9 
29.8 | 24.7 
38.2 | 15.9 
27.5 | 22.0 


6-9 | 9-12 


12-15 |15-18 


SS nn ee eee 
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23.2 
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TaBLE C.—Average number and percentile vertical distribution of the 
crustaced. 


Av. No. 
1894. 
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TaBLE C.—Continued. 


a 


PER CENT. IN EACH 8 M. LEVEL. 


0-3. 0-6. 6-9. 9-12. | 12-15. |15-18. 


7-_-__ OO OO O_O | | 


May 16-31....| 1,901.3 27.91 16.71 16.5, 13.3) 11.4| 14.1 
Bomb) 844.3 53.0| 19.4 85| @7l sel 8.6 
June16-30..../ 1,265.0] 547/ 933| gosl psal al 32 
meee, | 4,at49)- 48.9. 98.7, wo 5a fal oe 
July 16-31...:| 7776.5 48.4; 99.91 181| 3.71 o.3| 0.12 
Woe 1-15....| 960.4). 54.9} 97.41 14a] 3'7} sol O10 
Aogi6 31...) 1,073.3) 38.4 33.11 17.5| 139 1s| o1 
Bept. 115....| 1,440.9]! 31.3, 93.31 17.7| 14:71 9/8 3.0 
Sept.16-30 ..1] 1,112/3[ 98.6] 16.2] 13.41 13/91 15.31 12/4 
Wee 115...|| 1,368.4) 93.01 18:4, 17.81’ 14.01 13.4] 1979 
eee as) 43.91 15.2] 7] oo el otal 9.9 
Noy. 1-15....| 684.8] 246 20.77 13.5 16.1| 12/7, 19.4 
Nov.16-30....|  537.7|, 99.5 16.81 14.0, 15.8} 12/81 11.1 
Dec. 1-15...1| 365.8 18.0 25.71 11.0| 66 14.9| 15.8 
Dec. 16-31....| 285.0] 15.41 29:0/ 93.1 10.8] 10.8) 11.0 


TaBLEeE D.— Diaptomus. Average, maximum, and minimum numbers. 
Percentile vertical distribution. 


PER CENT. IN EACH 3 M. LEVEL. 


——— | | | fF | | | | "| 


1894. 
July 1-15 ..| 242.2) 290.6) 178.0)) 48.9) 31.6) 15.6) 3.1) 0.4] 0.4 
July 16-31 ..| 298.9) 553.3) 155.8); 53.6} 31.2) 13.0} 2.1) 0.07] 0.06 
Aug. 1-15 ..| 218.7; 394.3; 126.5); 45.5) 26.8) 20.9) 6.5) 0.2} 0.1 
Aug. 16-31 ..| 87.4) 117.9) 43.8)| 49.7; 27.6) 17.4; 5.01 0.2) O11 
eee ee Me eects allie were, e'ell ln «eye afte ole e mie [teveie s aail ial army aya vatale gheieeay elatanels 
Sept. 16-30 54.6) 84.5} 10.8)| 58.1) 20.4; 12.2; 8.0) 1.0] 0.3 
Oct. 1-15 67.2) 92.8; 38.9]} 38.5) 23.2) 18.1) 11.4) 10.1) 3.4 
Oct. 16-30 38.3) 72.0) 3.6); 25.4) 20.3) 17.2) 14.7) 15.9 | 6.3 
Nov. 1-15 44.0} 95.4) 26.0)} 28.6; 17.6) 16.1) 16.9) 13.0] 7.8 
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TaBLE D.— Continued. 


0-3. | 3-6. | 6-9. | 9-12. |12-15.|15-18. 
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eb. 1-14 
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Meh. 1-15".| 98.3) 55.6 93/8 ; 
Mch.16-31 ..| 34.7] 70.5 27.1]| 92.7] 295.e! 20.0] 14.7] 9.31 7.7 
Apl. 1-15 ..| 14.0] 93.5] 10.8]| 98.1] 19.0] 13.5] 13.5] 12.9 | 12.9 i 
Apl. 16-30 ..| 20.6| 52.7 0.9/| 32.7| 32.11 13.3] 9.6 5b 68 "q 
May 1-15..| 34.4) 45.1] 17.9/| 58.9] 99.6 12.0; 3.3] 2.0] 1.9. . 
May 16-31 ..| 207.9] 284.9 49.6] 61.5] 21.7| 11.3) 3.6 1.1| 0.8 | 
June 1-15 ,.| 285.0] 459.8] 178.1] 57.3' 94.11 (9.61 3.3 Bel ae 
June 16-30 ..| 190.6] 396.9] 95.4|| 51.1) 24.9] 14.9] 5.7) 1.3] 2.4 ° 
July 1-15 ..| 187.4] 397.5] 105.5|| 41.4| 30.1| 226! 4.8] 0.8] 0.3 ; 
July 16-31 ..| 217.8] 366.3] 127.8] 31.11 24.91 36.5] 6.7] 0.5| 0.3 { 
Aug. 1-15 ..| 110.5] 169.8] 61.7|| 47.2] 29.9) 13.8] 8.31 0.5| 0.2 ‘ 
Aug. 16-31 ..| 101.3] 264.5| 45.9|| 45.3| 27.7| 19.9} 7.1] 0.5] 0.2 
Sept. 1-15 ..| 2246] 311.6 69.3|| 40.4 36.4 18.4 3.8] 0.8] 0.3. ’ 
Sept. 16-30 ..| 331.5] 586.3| 152.0] 40.3) 96.1| 15.8] 10.1] 5.4| 2.3 ; 
Oct. 1-15 ..| 148.4] 323.1] 101.7|| 97.4) 15 4| 15.6] 13.4] 17.2 | 11.8 j 
Oct. 16-31 ..| 79.7] 115.1) 42/6]| 99:1] 17.71 14.8] 17.1) 14.5 | 13.6 5 
Nov. 115 ...| 55.8] 71.8! 42:61 13.2] 14.7| 19.3] 90.5) 20.1 | 88 4 
Nov. 16-30 ..| 46.01 54.1] 43.8|| 12.8 19.8 16.6] 17.91 17.5 | 15.3 ‘ 
Dec. 1-15..| 33.6) 47.1] 22.8l| 13.1] 20.0] 23.3! 20.8113.1| 9.5 4 
Dec. 16-31 58.0| 67.4| 22.8] 25.91 21.4| 13.7| 20.8] 12.1] 6.8 

1896. ; 
Jan. 1-15..| 48.6) 62.91 40.0) 96.2] 24.01 21.9 | 9.3] 8.7 , 
Jan. 16-31 ..| 23.3} 34.3] 92.8] 95.4/ 16.2] 20.7 20.7 14.0] 3.0 4 
Feb. 1-14..| 38.9] 57.5! 27.3|| 28.0] 24.41 11.9] 14.0'14.6| 7.0 
Heb Api ar ea) 33.0| 16.31 16.4 i 10.8| 91 
VEE Mes bails poe MORN eee REO ai 94:1, 16.0] 20.0] 18.3] 11.7 | 10.0 
Mch. 16-30 ..| 33.3 38.8] 96.7|| 19 0| 14.6] 23.4] 30.7] 6.0] 6.3 | 
Apl. 1-15 ..| 35.9] 43.4). 21.6|| 26.9 24.01 21.91 9.9] 9.3] 8.7 | 
Apl. 16-30 ..| 29.9| 66.7|~ 9.5|| 16.3| 28.3] 19.6] 19.6| 10.9| 5.3 
May 1-15 ..| 102.3] 388.5| 389/11 48.2] 31.31 17.7/ 1.81 0.9| 0.1 
May 16-31 ..| 360.2! 645.5] 227.6|| 38.9] 22.41 18.5] 10.6 6.1] 4.0 
June 1-15 ..| 343°5| 740.91 152.6|) 67.9) 23:7|. 5.6| 1.8) Ole 
June 16-30 ..| 386.2] 725.6) 103.0) 69.9] 22.91 5.0! 1.61 0.2] 0.3 
July 1-15 ..| 202.9] 319.2] 178.7) 49.0] 28.0) 16.0) 5.4) 1.3] 0.3 
July 16-31 ..| 152.1] 222.6] 93.4|| 62.6] 23.2) 9.6] 4.0| 0.3] 0.1 
ae De nt Beary Wars TR 65.0] 24.81 8.8] 1.01 0.2] 0.0 
Nae AG Sc. 161 OLN a 31.8| 37.4, 13.6] 15.7| 1.2! 0.0 
emt, Cet aa Sl al. GA 37.9} 98.9| 21.6] 7.5] 3.1| 2.8 
Sent tego. (ies 4 30.1] 22°8) 13.0] 9.3} 11.2] 135 
oral Hr Cha ee dy Gal 25.9| 19.8] 12.6] 10.8] 22.6| 9.0 
Fey a ee Oe Owe 7 Rear Ra 39.0| 206 15.6] 14.41 7.8] 2.6 
Mop eis) Borel laut 98.9| 18.5) 23.6] 11.5| 17.5] 0.0 
Nov 630 (2) OS Sleuliae 15.6] 18.71 6.3) 21.9] 15.6 | 21.9 
Deeicis. | a sii ee | 19.3 30.0/ 3.9] 19.2] 14.5 | 13.1 
Deelte el | eee es 93.1| 27.0| 20.71 11.61 9.2| 8.4 
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TaBLE E.— Cyclops.— Average, maximum, and minimum numbers. 
Percentile vertical distribution. 


_ Sept. 16-30.. 
Oct. 1-15... 
Oct. 16-31... 
Nov. 1-15 .. 


Nov. 16-30 


Bec 16-41... 


1895. 


Jani 4-15... 
Jan. 16-31... 


Feb. 1-14 
Feb. 15-28 


Mch,. 1-15.. 
Mch. 16-31.. 
Apl. 1-15... 
Apl. 16-30... 
May 1-15... 
May 16-31... 
June 1-15.. 
June 16-30 .. 
July 1-15... 
July 16-31... 
Aug. 1-15.. 
Aug. 16-31 .. 
Sept. 1-15.. 
Sept. 16-30 .. 
Oct. 1-15... 
Oct. 16-31... 
Nov. 1-15... 
Nov. 16-30... 
Dec. 1-15... 
Dec. 16-31... 


1896. 


Jan: 1-15... 
Jan. 16-31... 
Pep, 104... 
Feb. 15-29 .. 


Mch. 


Mch. 16-31.. 
Apl. 1-15... 


PER CENT. IN EACH 3 M. LEVEL. 


6-9. 


9-12. |12-15.|15-18. 


—_— | OC OOOO | ee ee SO | | | 


63.6} 11.2 
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Dec. 1-15.. 


Apl. 16-30... 


May 1-15... 
May 16-31... 


—E—E—E—————————— | 


949.5] 604.8/ 82.0 
864 .9/1252.8) 759.0 
944. 4/1234.9) 715.3 


616.9 
262.6 
323 .6 
131.4 
107.6 
129.6 
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226.0 
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144.7 
146.3 

90.2 

89.1 


400.7 


966.7| 231.5 
361.8) 197.7 
388.0} 148.2 
218.4} 85.2 
189.1) 64.8 
343.7} 108.1 
237.2) 169.8 
308.4} 169.8 
338.5; 313.5 
242.3} 202.2 
157.7) 138.6 
158.3} 136.1 
100.4} 76.3 
104.3) 52.1 


239.4| 74.4 
763.2} 183.1 


1011 .2)1607.8} 543.7 


1858 . 4/2359 .6|1071.6 


705 .9/1294.8} 176.8 
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4492 Birge—The Crustacea of the Plankton. 


TasBLe E.— Continued. 


PER CENT. IN EACH 3 M. LEVEL. 


Av. | Max.| Min. Mt 

0-3. | 3-6. | 6-9. | 9-12. |12-15./15-18. 

June 1-15 ..} 189.5/ 297.6] 139.2]| 30.0) 20.0} 11.1} 9.8} 8.3} 20.5 
June 16-30 ..| 358.7} 716.1) 223.2)| 42.6) 23.3) 12.8! 9.6) 4.8} 6.8 
July 1-15...| 371.0) 442.0} 341.5]| 37.0} 29.0] 14.6) 9.0) 9.3) 1.0 
July 16-31...| 317.5} 412.1) 188.0]} 49.5} 30.0] 18.7] 1.4; 0.2) O.1 
AMS NS Fy OO CB le tae ede cokehs 48.8) 25.2) 20.8] 4.8) Sa iee 
De.) Se Ue) ede in 8 | i 30.0) 32.7) 10.8} 24.0) “2a aes 
mept. tod oy ee. ee 33.8) 22.5) 15.8) 12.6] S29) saee 
Sept. 16-90) 7 DIB 1G). ee. eee 99.2; 18.7 14.44 18.4  i22 oe 
Oct: ) 4215... S64 8)o 5 oe eee 18.3: 22.6) 18.7) 14.3) 44:33) 
Occk IGS. 469.5 ec eet o7.7| 20.8] 15.5) 12.6) 22a 
Wore ists 267 is ook 18.1) 19.8] 12.2] 19.2)° 143) Gee 
Noy. 16-300.) 178 Ocoee, 95:1). 13.6 12.0 be eae 
Dee; Pale 6 VIS Ole ik. oe ee 14.3) 29.2] 10.7| 16.0) “ee eae 
Dec. I6-B8b: 64. Ss ee ees 6.5| 20.8) 19.8) 13.0) 17.0) 5229 
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Tasie F.—D. hyalina. Average, maximum, and minimum numbers. 
Percentile vertical distribution. 


PER CENT. IN EACH 3 M. LEVEL. 


0-3. | 3-6. | 6-9. | 9-12.|12-15.)15-15. 


1894. 
awe ec} 19.8) 632-81 8.5i| 38.1. 28.41 20.2) 14.1) 3.2) «0.9 
Seal dao) ot.4) 2.7)|.. 43:4) 33.5) 19.7) 2.5) 0.9) 0:0 
meet. 16.6) .ad.3) «9.8! -43)5|) 26.5) 23.51 6.2)". 0.0). O78 
mum tO-oL..) 60.7) 82.7) 47.8)| 42.7) 29.0) 22.2) 4.2) 0.0) 0.0 
‘Sept. 1-15...;No objservat/ions. 
Sept. 16-30..| 148.4) 212.7| 74.41] 30.6) 25.2) 21.1) 16.3) 6.0; 0.8 
ere eae 201) 4609 117 -3i| 32.0) 26.1) 17.5) 9.7). 6.2). Se4 
Wer to-ob ..) 252.5). 531.0) 96.3])| 31.7) 19.6) 17.1) 11.7) 11.6). 8.8 
movet-15...2) 183.1) 462:6). .92.2|| 37.1). 21.3] 13.9) 12.2) 8.9) 6.6 
Noy. 16-30.. No ob|servat |lions. 
Dec. 1-15.. te 2) 78.2 4480 16.0) 1607) 12.0). 8.9), bes 
Dec. 16-31 (48.8)) 56.9} 40.7 

- 1895. 
ato... 40.8) (6o.4) 36.7)! 24.1) 18.7) 16.7) 18.7} 10.9) 10.9 
ae ae Rao) OL  ba.4i  BO74n QT BeBe ALD ADP 12 

eb. 1- 

Feb. 15-28 ‘ 65.8} 109.4; 41.9)) 18.1} 19.9) 11.0) 9.8} 20.6} 20.6 
Mien t-ih | 34.4). 69.3) 25.6;| 22.9) 26.9) 19.2) 12.4) 9.1) 9.5 
Meonte-al oot, 63.6) 102-3). 39. 1|| 28.1). 29.7) * 8.1). 8:1) 16.5, 16.5 
mp, 1-15... 2) 26.4) 24.9; 12.7|| 42.7) 21.0) 10:1) 7.5) 9.3) 9.4 
Pee a eh tora 4a 8) as. 2)| 37.5) 29.7). O.4t DL.3t Sell 77.0 
Mavioigw..) | 25,0) (81.4). 7.9) 67.0) 22.2) 5.7 2.6 Pe) Oe 
May 16-31 ..| 250.7) 349.8) 71.21} 59.1) 24.3) 9.9) 3.0) 2.3). 1.4 
pune i toe 1 oto. 2) 504-8) 183.11) 42.2) 19.4) 19.5) 12-5)... 6.6) 7.38 
une: 16-30. >|) 130.6! o27.5| S31.8)| 51.0) 18.3! 19:2): 6.6) 4.3) ~S.5 
euly 1-15...) 139-9) 263:9) 21.0) 56.1} 20.9) 17.7) 4.41 O.5) O.4 
Duly 16-a0. .|) 275.3) 464.3) 129.7|| 58.3) 24.1) 16:7] 0.9! 0.2) 6.8 
Aue tls). 2ia.0) 417 21° 18.21) 47.6) 26.6) 13.8) 10.7) 2.1): Os 
Aug. 16-31...) 252.8) 428.6] 143.1)| 51.1] 17.6) 17.8} 12.6) 0.7) 0.2 
Sept. 2-lo .:| 202.8) 349.1) 169.8) 49.5) 93.2) 21.3) 4.6) 1.2) G3 
Sept. 16-30. .; 201.6} 248.0) 148.1)| 37.0} 20.8) 16.9) 11.4, 9.6) 4.3 
enti...) 18075) 253.2) 1233). 36.9). 14.9] 12.1) 12.5) 10.9) Take 
Cer tea WG-6 Lil 3h  b4.0l). 37.9) 15.9) 15.0) 12.0) 10.3 eS 
Migr ta OO al ta. ae.) a2.8). 21.9) 12.7) 1407) 16.0 ee 
oNov 16-40... 48.2) 60.4) 36.2)|. 31.3) 15.8) 15.0) 14.8) 12.8)) 10% 
ee it aol 4.9) 26.4 $3.9): 32,7) TBAT ES 4 Sie 
Dee, tool...) 44.6, 52.7). W.4ih 38.5). 29.2)... 98h IZ Ooh eee 

1896. 
Panto So. 57.8 La SILT 35.8) (19.90 206k 4,2 SaeG 
ag. iG-ob =.) 17.3) 20.3). 10:8)| 41.0) 25.44. 99.1). 64h, 4.7) Se 
epee Pt) 19-6). 2956). 13. By 26.9) 949) IA Th TO Fi: 10. Gh dag 
ew eo 27). ees cehes eee SiGh 2h Oe TSS VEO dae Eis aoe 
CULE USE 3s kas NU RETIRE ae UMS Sein BT peteeeOIna | ARON Fue RaT aay Oh engage) [HAL IE 
Meng tos.) 1375). 97.3). 6:9!) 32. TA Sh9h LO | A as 


444 Birge—The Crustacea of the Plankton. 


TaBLeE F’.— Continued. 


PER CENT. IN EACH 3 M. LEVEL. 


Ay, |Max.| Min, ||" 77 
0-3 |36 | 69 | 9-12 [19-24 |15-18 


—— | — | ——— | | | | 


1896. 
Pipl 0) 14 GS a oR 4.5) 9.1) 36.4) 22.7, 22.7) 4.6 
Apl. 16-30.". ..| 15.2) 27.9) 7.6) 21.5} 28.6) 23.8} T1.9) OG aes 
May 1-15....| 124.6) 360.0) 52.1]} 45.0; 32.9} 16.4, 2.5) 2.8) 0.4 
May 16-31 ..; 270.8] 427.3} 78.8)| 44.9) 11.4) 16.1) 12.1) 9.8) 5.6 
June 1-15 ..| 55.6; 156.4, 6.3/| 59.4) 20.3) 12.6, 5.6 1.3) 0.5 
June 16-30..| 211.1} 496.7; 106.8)| 55.0) 27.4; 13.4, 3.4, 0.4; 0.2 
July 1-15 ..| 319.0} 783.4) 182. 9 56.4; 26.0) 13.6 3.3) O6 O.1 
July 16-31..) 65.5) 104.6) 40.2)| 45.3) 27.1) 17.7) 9.44 0.4) 0.0 
PANES AUD! i aes ae aly aie eae 55.8) 18.6) 17.5) | 7.8) “ORzh ae 
pA LSU Sco MO, = BS | i ed a 36.5} 23.2) 24.0) 14.0) 2.3) 0.0 
pent. da05" ee eee Ghee ales 29.1; 9.1)’ 17.9) 20°) aaa ee 
mept. 16-30. | 192.5). .05 ese 26.5} 18.4) 15.4} 16.3) 12.0; 11.4 
ES BN Tanti: eb Ee 50.5) 15.8) 7.5) 5.4) 8.3) 12.5 
Wet 16-3by Sal as ee 69.3) 7.9) (6.3) 4.3) 9 gee 
Noy. 1-15) 3) S14 Ghee a 31.1} 20.2} 14.1) 14.6) 10.7) 9.0 
Noy. 86-30.) 26G: Oh. ad es es 39.2} 19.4; 12.3) 15.2) 9.0; 8.9 
Wee. tat ABS os eee es 19.7} 24.3) 11.0) 15.5) 15.5) 14.0 
Dec (Gab Ise ese es 20.4; 35.7; 27.4; 8.0) 4.8) 3.7 


ee 


~ - 


LS ee ee ee ee 


~~ 
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Tapizt G.—D. pulicaria. Average, maximum, and minimum num- 
bers. Percentile vertical distribution. 


Per Cent. in Eace 3 mM. LEVEL. 
1895-96. Av. | Max. | Min. 

0-3. | 3-6. | 6-9. | 9-19. /19-15.|15-18. 
July 16-31...) 11.6) 17.1 0.2 0.0 OiOs SBE 12 Sr Sah R 1.6 
Aug. 1-15...| 19.9) 42.3 8.0 0.0 QO20b 110) 65.0) 2226 1.0 
Aug. 16-31..| 38.1) 164.7 5.4 0.0 1.6 23 SO:ot. 14s 1.0 
Sept. 1-15...! 33.8) 57.2 8.3 0.0 2.2 4.5\- 68.8) 22.6 1.8 
Sept. 16-30..| 98.2) 125.9) 10.5 0.0 bh 2.2 oA DSS ane 
ee) 2. 9) 49.6) 12.7 14.1). 18.8) 14.1) 19:9) 17) Gus 
Wet. 16-31...) 23:5) 46.4 4) 22 BL OG) 92 3 18 7 9.6; 11.0 
Ray. s-t5...) 49:6) 102.3 17.8]| 42.7 273 8.7 9.2 BD 6.6 
Noy. 16-30...) 58.3 82.0) 39.5)| 25.2) 29.2) 19.6) 15.1 aay | 5.2 
ec 1-15....| 141.0) 991.9) 95.01 51.6) 35.5 7.9 2.8 1.9 G;2 
Dee. 16-3l...| 99.8) 57:2) 24.8) 37.8) 31.1) 11.4; 11.1 pad | 0.9 
ee i. |) (6822) 137.3). 40.0)|. 68.3} 14.5) 19.7 a5 O25 0.5 
jap lease.) 624..8) 31.8) 13:31. 77.9 8.4 8.4 ya | 2 1 Bi | 
en 1-34... G4.) 81.4[ 29:8]| 75:8 9.1 5 t 2.8 2.4 4.8 
OE SO TSS Dei RR: | ee ee 43.4| 20.3 Sb dies 8.7 tie 
Reena ee eae ee Rai Tae ye ee Todi gd ols dtd ole wa calor bia 
Meh. 16-31..| 20.9; 50.9} 10.1|)} 34.0} 18.9} 27.0 9.4 ao 3.2 
Agi t-15...3) (20.0) 47.0)  41.4)|. 10.4, 14.6) 31.2) 25:0) 12.5 6.3 
Apl. 16-30...} 118.2) 251.8) 12.1] 84.9) 10.6 0.8 £25 17 0.5 
May 1-15....| 284.9) 683.2) 85.8)! 13.1) 16.2; 19.5; 12.0; 16.7; 22.4 
May 16-31.. | 533.6) 763.4} 291.2), 28.0} 16.9; 18.8) 14.5} 10.0) 11.7 
eune 1-t5. ..| 168.6) 260.7) -56.6}| 17.5{ 10.0) 15.0! 21.3) 10.4) 25.8 
June 16-30...) 78,2) 157.7} 13.3 1.9 6.2) 11.7) 16.0) 45.8) 18.5 
July 1-15....| 39.3) 52.1) 19.7 0.0 0.9 S.6) STO oS 7G 6.5 
July 16-31...) 11.8! 38.2} 0.6] 0.0] 0.0] 62.8 33.4, 2.0) 1.8 
Aug. 1-15... Behe ec alates O:OF 40:00 LEO TL 220 0.0 
Aug. 16-31.. SCN Realy ee Rea 0.0 0 0.0 0.9 20.0 0.0 
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Birge—The Crustacea of the Plankton. 


Taste H.—D. retrocurva. Average, maximum, and minimum num- 


1895. 


July 1-15.... 
July 16-31... 
Aug. 1-15... 
Aug. 16-31.. 
Sept. 1-15... 
Sept. 16-30.. 
Oct..1-15...... 


1896 


July 16-31... 
Aug. 1-15... 
Aug. 16-31.. 
Sept. 1-15... 
Sept. 16-30.. 

rc) Fao) Eo bs 
Oct. 16-31... 
Noy. 1-15.... 


bers. Percentile vertical distribution. 
PER CENT. IN EACH 3M, LEVEL. 
Av. | Max. | Min. 
0-3. | 3-6. | 6-9. | 9-12, {12-15 |15-18. 

9.7| 14.6, °0.0)) 47.0) (25.5) 13.41) 144.4 
31.5) 59.7! 3.5] 50.0) 24:0] 24.8) ° Li Die eee 
68.2) 154.8). 8.9)| 37.1) 26.1) 16.8) 18-5) Sea 
50.1) 96.0! 20.5') 41.1) 21.3) 22.7) 13.7) ee 
93.8| 37.5) 11.5] 46.4) 23.5) 20.3! 6.4) eee eee 
59.6) 74.4 21.6)| 33.8) ¢4.1) 15.7) 21.6) (eye eee 
72.5) 103.6) 50.9]} 35.91 15.2) 17.9) “7.5 ee 
70.9} 65:5) 33:7]| 29.2) 10:0) 12.3): 10.6) 2oeeee 
59.3) 79.5) 42.6)| 24.2| 20.2) 12.6) 18.4) 2402) toe 
24.9) 37.5! IDL) 80.7) . 20.2) 14.9) 12.3) ae 

BO} cl: 1.9 3.7). .0.0) 41.3). 2723) See 

OT BOSS 0.0 0.0; 0.0) 27.3) 386.4) 28:2) ieee 

7-9 eae 8 igh Fa ay Irregijular j|near | surfajce. 

lO 0 eee Ga PAAR 59 0}. '32).4 .0O|. 0.4) \ O22 ae 
N15 Mae cee hel ohetw BSS a 36.5) 93.2) 24.0) 14.0) 223 ee 
7 | Ma Sie 26.2; 17.3) 19.3) 19.4) 1235 ee 
DAB Oisicug Sills ce thats 26.5} 18.41 15.4) 16.3} 12.0) 11.4 
RS | aes A a 96.4) 20.0) 14.3) 10.8) TiO ibee 
OF Ue ein tenctteas eas 43.5) 18.8] 8.8] 10.8) “T0;4 ie 

i | FEMS Ra aa 29.0) 30.71 0.0] 0.0), Cara) wore 
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TaBLE 1.—Diaphanosoma. Average,maximum, and minimum num- 


bers. Percentile vertical distribution. 


PER CENT. IN EACH 3 M. LEVEL. 
Av. | Max. | Min. || ———--_Y_—_- 
0-3. | 3-6. | 6-9. } 9-12. 112-15. /15-18. 


1894. 


Sept. 16-30.. 
Oct. 1-15.... 
Oct. 16-31... 


1895. 


Aug. 1-15... 
Aug. 16-31.. 
Sept. 1-15... 
Sept. 16-30.. 
Oct. 1-16.... 


1956) 68.4) -6.9)) 50.0).°29.4) 8.1) 7.9) 4,67) 6.0 
BA ho OE BAN 24.41) 20.7, 4.9 DEO alg 
S20 by 0.0 0.0; 25.0} 43.8) 0.0} 25.0) 6.2 

ato) 40.0) 20.0 52.9)" 29:6) 13.5) 3.8). 0.2) 0.0 

32.2| 56.1) 17.8]| 39.3) 28.4) 24.6) 6.8) 0.6) 0.3 

mea Oso te 2, Bo.Gl oa.d)| 19.7) G.0h LT Gee 

TE Aah a aco) they ASB) TAO EET Ta OO 
a4! 10.8)), 2.2) 11.3). 5 0.0; 34.0) 32.1) 22.6). 0.0 
ES | eG ae as joe (oe Se OG). OOF O86 

WD tioe s aioe an 49.4) 28 3) 19a -Go1).7 8-07 OE 
1S 2 aes Gee eaees 30.7; 24.0) 21.0) 12.4; 10.7) 0.1 
= 7d | a ane rae ako2) 20.2) 10.5) 15.3). LL 5)o F223 


eeneevetoesve es 
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‘TABLE J.—Chydorus.— Average, maximum, and minimum numbers. 
Percentile vertical distribution. 


PER CENT. IN EACH 3M. LEVEL. 


0-3. | 3-6. | 6-9. | 9-12. |12-15.|15-18. 


| 


a a ee | | | | | | 


1894. 
Sept. 16-30..| 278.9] 440.7] 9 


6.6) 55.0) 26.9] 10.6). 5.6) 9230) ae 
Oct. 1-15....| 193.3) 251.2) 92.8)) 12.3) 13.3) 16.4] 21.6] 21.6] 14.8 
Oct. 16-31...} 202.0} 304.6} 82.0] 14.2) 17.8} 18.0} 18.7) 19.9} 11.3 
Nov. 1-15....| 97.9) 261.3; 13.3]| 7.3) 15.5) 18.6) 28.4) 19.3) 10:8 
Dec. eae i 9.5} 15.9} 3.8]| 16.7) 20.6). 138.3) 1627) ae 

1 ‘ 
June 1-15...| 36.7} 92.8} 11.1]; 41.9) 24.9} 13.0! 9.4, 5.0) 5.6 
June 16-30 ..; 21.9) 45.7 6.9, 83.1) 13.4) 2.4)...... Lite eo 
July 1-15....| 156.8] 271.5; 13.3} 61.1) 25.3) 11.0) 2:2) SOyaieeee 
July 16-31...| 163.4) 283.6} 89.0}} 42.8) 35.2) 20.3; 1.2) O.2 O22 
Aug. 1-15 ...| 78.6) 157.7) 16.8]) 438.2) 30.4) 18.4; 7.3] O.5}] Of 
Aug. 16-31...) 18.7) 48.7} 5.0}| 32.9) 33.3) 21.8) UL2) > ete 
Sept. 1-15...) 15:6; 39.4) 8.9]! 45.5) 23.6) 22.8) | 4.80) sa ae 
Sept. 16-30..]...... Seatte|ring j|jonly. 
Oct, 1-15:...) 8.6) 14.3) 5.0]} 17.6] 17.6) 6.6) 12:5) eee 
Oct. 16-31... 8.1) 12.0) 38.8]) 46.8) 14.1) © 7.8). 23. ape eee 
Noy. 1-15....| 25.9] 46.4; 10.8)]} 11.4] 15.3) 14.3) 24.3) 21.3) 13.4 
Nov. 16-30...| 19.7} 29.8} 18.9 9.2) 18.8) 24.0) 21.6) 16.1) 10a 
Dec. 1-15....| 15.9) 19.7) 12.0); 26.0} 6.6) 18.2; 10.5) 16.8) 22.0 
ee 20.9} 36.8) 8.9]] 23.0; 18.6) 11.8) 22.6) T7716) era 
96. 

May 1-15....} 28.0} 48.3) 19.0]; 15.9) 23.4) 23.8) 16.2) 8.9) 11.8 
May 16-31...) 30.8} 68.6) 13.3]) 34.0) 23.6) 15.9] 19.9| 4.3) 2.3 
June l-15....| 87.6} 279.8] 4.4]| 77.6) 15.8) 4.7). 1.0) O14) Gs 
June 16-30..| 230.8] 346.0} 145.6)| 65.0) 24.4, 7.0) 2.6) 0.5) 0.3 
July 1-15....| 382.0} 661.4; 169.8]; 57.0} 33.6) 6.9) 2.0} 0.3) 0.0 
July 16-31...| 245.1) 465.5) 129.1)| 43.2) 34.1) 20.0) 2.7) -Or2 ee 
Ane datos.) SOOM. 5 slice ssc 54.8] 32.0) 10.4) (2.20 See 
Aug. 16-31 ..| 426.0]......]...... 32.4) 36.2). 21.0) SlS)i eee 
Sept. (215) TAB Goce lee s 34.9) 26.7! 17.0) 15.2) Sipe 
Sept. 16-30) 026320) 005 open cdien 25.0; 14.8] 14.9): 12.2) S80) 
eb. $21. oi) Fea Bhs Slee eae 10.3} 15.0) 25.8] 21.0} 14.5} 13.4 
Bags SW A) BS 2 OR | A ada 16.9} 18.1} 17.1) 12.8): 1626) ees 
Noval GATS oc eae atcmnle 18.7} 92.41 13.0| 13:4) (a2 oe 
SNov tae <2) (MOOI Seah cs 21.3) 12.0) 26.7| 17:3) (30 eee 
Beh Peg a SOS Ah ais 15.0} 16:2) 13.4, 19.1) 16.2))208 
ee AG oo a ee eet 12.8] 25.0} 15.0) 17.6) tose 
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Age, viet on vertical distribution, 391, 398, | Cyclas, 424. 


423, 431. Cyclops and C. brevispinosus, annual distri- 

Algae, in autumn, 311, 357. bution 395. 

and Chydorus, 304, 350. in autumn, 311, 331. 

irregular appearance of, 317. date of development, 316. 

relation of numbers to crustacea, 308, 353. decline in summer, 329, 385. 

in spring, 308, 356. disadvantage of in summer, 331, 3&5. 

in summer, 35 53. eaten by Leptodora, 351. 

at thermocline, 417. food of, 355, 430. 

in winter, 307. horizontal variation, 368. 

See Food. maximum numbers, 309, 319, 329. 
Anabaena, 304, 346, 349, 353, 420, 425. number caught in single haul and series, 
Aphanizomenon, 307, 310, 31%, 353, 364, 420. 284 


Apstein, 290, 304, 326, 331, 340, 341, 348, 350, numbers, table of, 441. 


352, 367, 372, 395, 404, 406. rate of sinking, 430. 
As erionella, 31g. relation to total crustacea, 331. 
Autumn, algae in, 318, 357. relation to light, 425; to temperature, 330, 
erustacea in, 311, 317. 359. 
temperatures, 299, 324. reproduction, 291, 306, 309, 313, 329. 
vertical distribution i in, 386. species of, 326. 
Bacteria, 338, ae in spring, °308, 316, 329, 337, 381. 
Bibliography, 433 in summer, 309, 317. 
‘Birge, 274, 375. 392, 394, 421. at thermocline, 418, 424. 
Bosmina, 301, 304. in upper meter, 408. 
Ceratium, 304, 310, 318, 346, 355. variation in numbers, 368, 370. 
Ceriodaphnia, 422). vertical distribution, 337, "379, 381, 393, 396, 
Chemical condition of water, effect on ver- 407, 413, 416, 422, 441. 
tical distribution, 423. in winter, 397. 
Chroococcaceae, 304, 350. Cyclops fluviatilis, 332. 
Chydorus, annual distribution, 304, 348. Cyclops Leuckartii, 310, 326. 330. 
in autumn, 311. Cyclops oithonoides, 331 
dependent on algae, 312, 364. Cyclops pulchellus, 326. 


maximum and minimum numbers, 350,} Daphnia hyalina, annual distribution, 335. 
448 in autumn, 311, 312, 317. 
relation to light, 425, to temperature, 364. diseases, 338. 


reproduction, 364. eaten by Leptodora, 351. 
in summer, 310. food, 353. 
at thermocline, 418, 42 growth in winter, 307. 
vertical distribution, 332, 389, 407, 448. length of life, 336. 
Cladocera, see the various genera. males, 338, 340. 
Clathrocystis, 317, 346, 353. maximum and minimum numbers, 319, 
- Clouds, effect on vertical distribution, 410, 339 . 443, 373. 
426. number of. eggs, 361. 
Cochituate lake, 293. relations of competition, 365; to tempera- 
Coefficient of net, 278. ture, 337, 361; to light, 37 72, 425. 
Coelosphaerium, "353. reproduction, 310, 336, 337, 361. 
Collections, dates of, 436. sinking, rate of, 430. 
Competition, effect on numbers, 321, 365. in spring, 308, 316, 337. 
Computing, methods of, 275. in summer, 309, 339. 
Conochilus, 411. swarms, 372 
Copepoda, see the various genera. variation in numbers, 368, 369 
Corethra, 310, 410, 418. vertical distribution, 383, 385, 387, 393, 397, 
Crustacea, in autumn, oli: 407, 413, 416, 422, 426, 443. 
average number, 313. in winter, 305, 336. 
dominant, 316, 365. D. Kahlbergiensis, 301, 346. 
diurnal movement. 407. D. longiremis, 401, 422. 
horizontal distribution, 366. D. pulicaria, annual distribution, 340. 
order of development, 316. in autumn, 313, 317. 
maximum numbers, 302. food of, 352. : : 
number per cubic meter, 318, 437. horizontal distribution, 371. 
periodic, disappearance of, 312; appear- limitation of numbers, 342, 385. 
ance of, 311, 358 ; number of, 304. maximum and minimum numbers, 319, 
in spring, 307. 445. 
in summer, 309. number of eggs, 362. 
in upper meter, 409. reproduction, 342, 362. 
variation of in different years, 315. in spring, 316. 
variation of numbers, 368, 370. vertical distribution, 379, 385, 388, 399, 413, 
vertical distribution, 375, 438, 415, 421, 427, 445. 
in winter, 305 D. retrocurva, annual distribution, 345. 


food of; relation to light, etc. See Food, in autumn, 312, 317. 
etc., also, Cyclops, and other genera. affected by competition, 366. 
and Tables of Appendix. maximum and minimum numbers, 445. 
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D. retrocurva: 
roreueons to light, 402; to temperature, 
5 


sexual period, 346, 359 
vertical distribution, 402, 407, 445. 

Dates of freezing and opening of lake, 289, 
of observations, 436. 

Pieguuas, method of making, 276, 384, 388, 


Diaphanosoma, annual distribution, 347. 
in autumn, 313 
maximum and minimum number, 445. 
relation to light, 425, to temperature, 358. 
in upper meter, 409. 
vertical distribution, 403, 407, 409, 422, 446. 
Diaptomus, annual distribution, 319. 
appearance in spring 308, 316, 322, 328. 
autumn numbers, 313, 324. 
food, 353. 
maximum and minimum numbers, 319, 
325, 439. 
number of eggs, 360. 
rate of sinking, 430. 
relation to light, 425; to temperature, 
316, 323, 360. 
summer numbers, 323. 
in upper meter, 408. 
variation in numbers, 368, 869. 
vertical distribution, 384, 393, 394, 407-416, 
418, 422, 439. 
winter numbers, 320. 
Diatoma, 307, 318, 353. 
Diatoms, sinkin of, 417. 
Diseases, D. hyalina, 338, 398. 
Dinobryon, 357. 
Distribution, annual, periods, 202. 
factors ee: 352. 
horizontal, 366 
vertical, (See Vertical Distribution). 
Diurnal movement, 407. 
Dobersdorfer See, 326, 331. 
Drown, 386, 423. 
Duration of life, D. hyalina, 336. 
Eggs, numbers of, 332, 360, 361, 362. 
Eigenmann, 277. 
Hinfelder See, 352. 
Epischura, 332, 412, 422, 
Ergasilus, a "413, "416. 
Eudorina, 357. 
Fitzgerald, 290, 293, 300. 
Food, in autumn, arb 
effect on numbers, 352; on vertical dis- 
tribution, 419. 
of Cyclops, 355, 430. 
of Daphnia, 346, 353. 
of Diaptomus, 353. 
of Leptodora, 351, 430, 
in winter, 307, 321. 
Fragillazia, 307, 318, 353. 
Freezing of lake, dates, 289. 
Francé, 374, 414. 
¥ric and VAvra, 348, 
Geneva lake, 293, 402, 424. 
Gloiotrichia, 352, 357, 410. 
Gravitation, effect on vertical distribu- 
tion, 4 
Green lake, ee 300, 326, 352, 395, 397, 422. 
Hensen, 278, 2 
Horizontal eee 366. 
of crustacea, 3 1. 
of Cyclops, 368, 70. 
of D. hyalina, 368, 369, 372. 
of D. pulicaria, 343, 372. 
of Diaptomus, 368, "369, 
of Leptodora, 351, 368. 
Hydrachnids, 302. 
Ice, thickness of, 289. 
Introduction, 274. ; é 
Leptodora, annual distribution, 313, 350. 
diurnal movement, 410 
food, 351. 
horizontal distribution, 368. 
relation to temperature, 359. 
reproduction, 351, 359. 
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Leptodora: 
size, 352 
swarms, 351. 
vertical distribution, 404. 
Life, duration of, 336. 
Tage, pence! on vertical distribution, 409, 


Limnocalanus, 422. 
Lyngbya, 318, 339, 349, 353, 354. 
Marsh, 300, 326, 332, '346, "348, 371, 375, 395, 
397, 402, 403, 422, 424, 
Maximum number, cubic meter, 319. 
fall, 311, 387. 
spring, 308 
summer, 310. 
See Table we se 3138, and Appendix. 
Melosira, 318. 
Mendota, ie we freezing, 289. 
Size, 276 
transparency, 427. 
Meter, cubic, population of, 319, 437. 
upper, population of, 409. 
Methods, of computing, 275. 
of determining net-coefficient, 279. 
of diagraming, 276, 
of dredging, 277. 
in temperature observations, 286. 
in vertical distribution, 376 
Microsporidia, 338. 
Minimum numbers, early summer, 309. 
late summer, 310. 
winter, 306. 
See Table IV p. 313, and Appendix. 
Movement, diurnal, 407. 
Mud, temperature of, 290. 
Nauplii, annual distribution, 334. 
in autumn, 313. 
maximum number, 335. 
relations to temperature, 307, 360. 
relation of numbers of, to adults, 335. 
in summer, 360. 
at thermocline, 417. 
variations of numbers, 335. 
vertical distribution, 405, 410-416, 432. 
in winter, 306, 360. 
Net, coefficient of, 278. 
Night, vertical distribution at, 400. 
N otholea, 307 
Number, crustacea, factors determining, 
352, 385. 
maximum, 302, 319. 
minimum, 303. , 
Ree ustacea, also Appendix, pp. 436- 


48 
Number of eggs, 332, 360, 361, 362. 
Observations in winter, O77. 
number of, 274, 288, 377, 436. 
Oconomowoc lakes, 203, 345, 352, 417, 422. 
Oecistes, 307. 
Okauchee lake, 424. 
Ostracoda, 302. 
Percentile’ vertical distribution, 384; See 
also the various Tables of Appendix. 
Periodic crustacea, 304, 358 See the 
enera 
Pine lake, 331, 422, 424, 4382. 
Ploen, Lake, "396, "331, "348, 357. 
Reighard, 278. 
Reproduction affected by temperature, 359, 
of Chydorus, 349, 364. 
of Cyclops, 291, 327, 329, 359. 
of D. hyalina, 335, 361. 
of D. pulicaria, 342, 362. 
of D. retrocurva, 346, 358. 
of Diaphanosoma, 347, 358. 
of Diaptomus, 321, 324, 360. 
of Leptodora, ae 359. 
in summer, 340, 361 
in winter, 291, ’306, ‘307, 809, 321, 329, 335, 
360, 364. 
Richter, 295. 
Rotifers in winter, 291. 
Schizophyceae, 304, 310, 318, 350. 
Sinking, rate of, 430, 
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Spring, algae in, 356. Vertical distribution, 375. 
erustacea in, 307. affected by age, 398, 481; by chemical con- 
temperatures, 291, 323. dition of water, 423 « by clouds, 410, 
vertical distribution i in, 380. 426; by food, 419; by gravitation, 429 ; 

Sprungschicht, see thermocline. by light, 409, 425; by temperature, 421; 

Stations, position of, 276. by wind, 427. 

Summer, crustacea in, 309. in autumn, 386. 
temperatures, 293. of Chydorus, 382, 389, 404, 407, 446. 
vertical distribution in, 382, 393. of Cyclops, 379, 381, ’393, 395, 407, 413, 416, 

Surface, vertical distribution near, 407. 418, 422, 
swarms at, 371. of Daphnia hyalina, 383, 387, 393, 397, 407, 

Swarms, 366, 371. 413, 416, 422, 426, 443. 

Syncheeta, 307. of Daphnia pulicaria, 379, 381, 385, 388, 399, 

Tables, statistical, 437-448. 413, 415, 421, 427, 445. 

Temperature, 286. of Daphnia retrocurva, 402, 407,413,416,446. 
in April, 323. of Diaphanosoma, 403, 407, 409, 413. "416, 
in autumn, 299. 425, 447. 
at bottom, 290, 292, 299. of Diaptomus, - 393, 394, 407-410, 411, 
diagrams, 288. 416, 418, 422, 439. 
efiect on alge, 307; on appearance of crus- of Epischura, 412, 


tacea, 323; on erustacea, 358; on Cy- of Ergasilus, 333, 413, 416. 

clops, 306, "308 ; on Diaptomus, 324; on independent of numbers, 384, 392, 394. 
Naupilii, "307, "360: on reproduction, of Leptodora, 404, 407, 

306, 358; on the sinking of alge, 417; methods of study, 376, 408, 417. 


on vertical distribution, 431, of Nauplii, 405, 416, 432 
effect of wind on, 292. at night, 410. 
errors in, 287, Percentile, 384, 390 and Appendix. 
maximum, 294 specific peculiarities, 432, 
methods of study, 286. in spring, 380. 
of mud, 290. near surface, 407. 
number of observations, 288. in summer, 382. 
relation of, to effect of light, 423. tables, statistical, 437-448. 
in September, 324, at thermocline, 415. 
in spring, 291. in upper meter, 407. 
in summer, 293. variations in, 392, 410. 432. 
at thermocline, 295. in winter, 378, 426. 
in winter, 289. Wesenbere-Lund, 307. 
winter rise of, 290. Whipple, 282, 295. 
Thermocline, 295. Wind, effect of, on Lah i ame 291,295,299. 
effect of wind on, 299. on thermocline, 297, 298. 
effect on vertical distribution, 383, 422. on vertical distribution, 410, 415, 427. 
movement of, 298. Winter, crustacea in, 305. 
variation of temperature at, 298. reproduction i in, 291, 308, 309, 321, 329, 335. 
vertical distribution at, 415. 309, 3 4 
Thermophone, 286. teinataniies. 289. 
Triarthra, 307. variation of numbers in, 368. 
Variations in number, 281, 306, 315, 385, 343,| _ vertical distribution, 378. 
351, 368 fi., 405. Young crustacea, number of, in upper 
in vertical distribution, 392, 422, meter, 409 


See Tables of Appendix. Zacharias, 331, 347, 356. 
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